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SUMMARY 

This report describes a FORTRAN coded computer program and method for 
evaluation of the rigid body disturbing moments for a launch vehicle first 
stage based on post-flight measurements. The technique is a straightforward 
deterministic approach. Residual moments are computed to satisfy the 
equations of motion. Residuals are expressed also in terms of altered vehicle 
characteristics; i.e., aerodynamic coefficients* thrust misalignment, and 
control effectiveness. This method has been used on the Scout Launch Vehicle 
for more than fifteen years and has uncovered several significant differences 
between flight data and wind tunnel data. 

The computer program is written ~n FORTRAN IV for a CDC CYBER 173 computer 
system. It has been used on IBM 7090, IBM 360/370 and CDC 6600 computer 
systems with minor modifications. A typical problem requires less than 20 
seconds of running time on a CDC CYBER 173 computer system. The program and 
associated subroutines contain 1743 cards and requires (38K) words of memory. 
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1.0 IHTRODUCTIOH 


Post-flight analyses of a launch vehicle first stage should include an 
evaluation of the short period motion and the disturbances encountered. One 
technique, described in this report, is a deterministic evaluation of each of 
the terms in the rotational equations of motion. Although this is a very 
straightforward approach (very simple) for evaluating vehicle characteristics, 
it is sometimes overlooked in post-flight analysis* 

The method has bean used for over fifteen years for evaluation of the 
Scout first stage behavior. Residual disturbing moments from many flights 
have been used to uncover significant differences between wind tunnel data and 
flight data for the static stability derivatives and control surface 
effectiveness coefficients (References 1 through 3 ). 

A fair amount of input data is required. It includes predicted vehicle 
characteristics, some of the post-flight computed trajectory parameters, 
booster thrust and angle of attack as well as telemetry data covering vehicle 
pitch, yaw and roll rates, and control surface deflections. In most 
circumstances the bulk of the input data is derived from computer output from 
several sources. In such cases the data is usually passed through simple 
preprocessing routines which are defined by the user to assemble a single 
consistent input data stream. 
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2.0 METHODOLOGY 


Computation of the disturbing moments for a non-spinning launch vehicle 
first stage include computation of aerodynamic and rocket motor disturbance s, 
control moments and the inertia terms in the equations of motion. The method 
presented herein is a straightforward computation of these moments and 
residuals necessary to balance the equations of motion. "Effective" vr ' 
several characteristics such as aerodynamio stability derivatives, th 
misalignment and wind profile deviations are computed to eliminate the 
residual moments. The assumptions and equations used by the method are 
presented in the following paragraphs. 


2.1 Assumptions 

Major assumptions included in the method are: 

• non-spinning nearly axisymmetric vehicle, 

. cross products of inertia are zero, 

. predicted aerodynamic normal force and aerodynamic center variation 
with angle of attack is independent of aerodynamic roll angle, 

. aerodynamic surfaces (moveable fins, fin tips, elevens, flaps, etc.) 
and rocket controls (jet vanes, tabs, gimbaled nozzles, etc.) move in 
concert, 

. flexibility effects on thrust misalignment and aerodynamic 

coefficients can be described as a functon of dynamic pressure and 
control forces, 

. telemetry data has been preprocessed to eliminate non-rigid body 
response?. 


2.2 Equations 


2.2.1 Equations of Motion and Moments 


The equations of motion for angular motion (Figure 1 presents the sign 
convention for vehicle motion) about the instantaneous center of mass are: 


( 2 - 1 ) 


I 6 

y 




M 


aero 


+ M< 


Mi +AM 
T 


- 2 - 



ORIGINAL PAGE 13 
OF POOR QUALITY 


(2-2) I # *£lJ = N + Nc + N t + AN 
y aero 0 T 


(2-3) I x i 3 lL 3 L aero + Lg ♦ AL 


Aerodynamic moments include the basic pitching and yawing restoring 
moments due to angle of attack, a static trim moment at zero angle of attack, 
fin misalignment effects and a damping tern (see Figure 2 for Trajectory 
geometry). 

(2 * 4) M aero ’ ~ * V® 'f 1 n p ( *cg-*rt n ) * \ # « 

12 

<M) H aero * V«<*c*-*ep )slnA * C n 0 «® d * C L £ « S ' ‘flVVW * C » 9§i 2 * 


12 


(2-6) L 


aero 


C , QSd + C* QSd € + C, ^Sdf. <£ 

l o fin R *p 2V 


Hotice that with the exception of the zero angle of attack terms C_ 
and C n<> the aerodynamic coefficients in pitch and yaw are assumed to be the 
same. °Aerodynamic coefficients C_ , Cj^, C^, C | e , , and C| p 

are assumed to be only functions or Mach Humber. Aerodynamic loads on the 
vehicle due to angle of attack induce a bending which distributes the 
aerodynamic loads different from a rigid body. On a vehicle such as Scout 
this effect is significant. These quasi-steady aerodynamic effects are 
included by defining the aerodynamic terms Cg~ C m(} , and x C p as a 
function of Mach Number and dynamic pressure (Q) • At angles of attack hi„ 
than 2 degrees the aerodynamic normal force coefficient (Cg) and aerodynami. 
center (x C p) become non-linear. This is included as an incremental change 
with total angle of attack (17), where, 

(2-7) V 3 t an - ^ \j t an^a + t arf^/3 


Aerodynamic normal force coefficient is 

(2-8) C N 3 + AC N 


The aerodynamic center body station is 


(2-9) 


cp 


C Pr 


+ Ax 


cp 


Aerodynamic damping derivatives are defined about the instantaneous 
center of mass. Since the center of mass moves during boost a simple 
interpolation is used by the program between two sets of input data 
corresponding to two center of mass locations. 
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Rocket motor induced disturbing moments include thrust misalignment , 
center-of-mass offset and jet damping moments. Fitch and yaw moments are, 


(2-10) 

M t 

= T act^ x T~ x cg*% 
12 

/57.3 

+ (T act^ )A ict 
12 

♦“id* 

(2-11) 

Hr 

■ Wv-m’s- 

/57.3 

+ (T act‘ D) Ay cg 

* K ro* 



12 


12 



Jet damping coefficient (Kjj>) for a rocket motor having a cylindrical 
bore is. 


( 2 - 12 ) 



-JVac (2/ t - 3/ f ) * l 3 f | * 2l\ 

(32.2) (57.3) l gp ( 3 c/ t -i f ) 



where. 
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Thrust misalignment includes a rigid body value and a flexible vehicle 
value induced by aerodynamic and control loads. 

(2-13) € r = + € r 

rig flex 

where, 

(2 '" \ a - 37 - 3 | K “ 9a + V,] 

a derivation of the coefficients, Kjj), K a , and Kg , are presented in 
A ^endix B of Reference 4* 

Control moments include those derived from aerodynamic surfaces and those 
derived from the rocket booster. 'Die oontrols are assumed to produce forces 
proportional to the deflection (linear) such as aerodynamic fins and jet vanes. 

(2-15) F - ( C_ SQ + ? ) 5 

u o o 

where, 

Cjjc is the slope of the aerodynamic control force normal force 
coefficient versus deflection angle 

is the jet vane force slope per degree of deflection angle 
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The program assumes that coefficients are for a single surface. The 
deflection ' 8 ' is per surface. The moment equations assume two surfaces for 
each axis. 

The jet vane effectiveness is proportional to the booster vacuum thrust 
and a polynomial function of another independent variable 'u' which is a 
function of time, i.e., 

(2-16) Pf s * T vac (ao ♦ a^u ♦ aju^ ♦ a vu^ + ••• ) OPIG'o * l . 

o d.' . 

v X. 

where, 

a^'s are the polynomial coefficients 
u is a function of time 

This form provides a fair amount of flexibility in application. As an 
example, for a booster with a single gimballed nozzle controJ. the only term 
necessary would be 'a 0 ' which would have a value of 0.008725* The Scout jet 
vanes are dependent upon nozzle flow parameters which car be accounted for 
using a first order polynomial In 'u' which has a fairly simple time history 
(two straight lines). The 'u' parameter may be an altitude function, nozzle 
erosion function or some other parameter. 

The pitch, yaw, and roll moments produced by the controls are, 


(2-17) 

M s - 2 <s 6 * Wp 

(2-18) 

“8 * 2 < c b s 35 * Wy 

(2-19) 

L 5 • 2<C 86 S<» t . p ♦ F, s H 7 ) 

where. 



Rtip is the roll moment am of the aerodynamic surface, such as 
a moveable fin tip 

R r is the roll moment arm of the jet vane or multiple giuballet nozzle 


2.2.2 Residual Moments and Effective Characteristics 


The equations of motion described by equations (l) through (5) include 
residual moments Am, AH, and AL. Each cf the other terms can he computed 
based on preflight knowledge and post-flight measurements. A *odynamic 
coefficients are predicted based on analytical calculations and wind tunnel 
tests. Mass properties can be computed fairly accurately. Pin misalignments 
and certain components of thrust misalignment can be measured during 
assembly. Angular displacements, rates and control surface deflections are 
usually telemetered during the flight. Rocket motor data can be estimated 
fairly accurately or can be determined by post-flight analyses. Angles of 
attack and sideslip, Mach number, dynamic pressure, velocity, and flight path 



angles are generally calculated based on the combination of telenetered 
attitude information, radar tracking data, and neaeured wind profiles* A 
method of computing this data for the Scent launch vehicle is presented in 
Reference 5* Associated with each prediction and aeasurenent is a potential 
error* In addition* certain parameters nay not have been measured or 
predicted (i*e. t thrust misalignment) . 


Therefore, in addition to computing the aerodynamic, control and booster 
induced moments, the most interesting parameter is the residual moments* 

These are calculated from equations 2-1 through 2-5, i.e* , 


(2-20) 

AM <* 

Id - M 

- M 



y aero 


(2-21) 

AS ■ 

i J - a 

- a 



y aero 


(2-22) 

AL * 

1*$ - L 
x aero 

- L 


ORIGINAL PAGE IS 
OF POOR QUALITY 


The computation of the inertia terms (sometimes referred to as the 
"reversed effective torque") generally requires the differentiation of body 
rates measured by rate gyros. Since the above equations are for rigid 
body motion the measured rates must be filtered to obtain rigid body motion. 
Low pass filters can be used. If the rate data contains a predominant 
structural bending mode frequency, this frequency can be nulled by tvo sample 
averaging with samples taken at twice the structural frequency* It is 
important to adjust all data to a common time base which, requires shi fting 
due to measurement, playback, and filtering time lags. 

Usually the residual moments are analyzed in terms of an effective set of 
characteristics such as thrust misalignment, wind deviations, control surface 
effectiveness, or aerodynamic stability derivatives* In the computer program 
the residuals are computed in terms of these effective parameters and compared 
to the predicted values* There is no weighting performed. In each case the 
total residual is attributed to the parameter. For a single flight no 
meaningful trend is usually established. However, combining results from 
several flights will reveal any significant deviations in predicted 
characteristics. A method of least squares for revealing bias errors in 
characteristics using a larger number of flights is presorted in Reference 3. 

The effective set of characteristics are presented in the equations that 
follow. 


The effective aerodynamic pitching moment is. 


(2-23) c' 


where, 

( 2 - 24 ) 


m 


®pr 


C + AM/QSd 
“pr 


( c i: a u +Ac n ) = os v -£0/i2d + c 


eg cp„ 


cp 


a c 
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The effective aerodynamic center in the pitch plane is. 


x = x 
ep cp pr 


- 12 AM / | ♦ AC..) cos \ | 
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x * x + Ax 
c Ppr cp Q C P 


The effective thrust misalignment in the pitch plane is, 

') • «, ♦ 12(57.3) AM / [T^f - x ce )| 

P P 

The rigid body equivalent thrust misalignment in pitch is, 


e r - c r 
P 1 


An effective jet vane force versus deflection slope in pitch is, 

” * % * 6M < [«, ( x cg ~ x 8 >1 

In the yaw plane the equivalent parameters become. 


C’ * C + AH / QSd 

n V 


l) C n - ( C, 1 ♦ Ac,) sin A ( *. g - ^ ' Hp > ' 121 + 0 

pr a 

Yaw plane effective aerodynamic center is. 


x * x 

cp cp 


- 12 AN / [( C^tj + AC a ) QS Sin \ 


The effective thrust misalignment in the yaw plane is, 

” % * ‘r + 12(57.3) A, / [ ( * r -* cg )| 


% * % 
y rig y 
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The yaw plane jet vane effectiveness is. 


(2-35) tL ‘I 

\ 


6 4S 


'K ' *c*- X 8 *1 


The effective rolling moment coefficient is. 


( 2 - 36 ) 


where. 


C, ♦ AL / ^d 

z pr 


( 2 - 37 ) <*_- C/ * 


'pr 


♦ C/ < 
€ fin 
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An artificial wind profile is computed in order to account for the 
residual aoaents. Shall angle of attack and linear aerodynaaic assumptions 
are aade in the following equations. First an incremental angle of attack and 
sideslip is obtained from, 

(2-38) ia . 12 AM / [ =, Q S( x cs - * cp ) ♦ **.*( *r - V ] 9 

(2-39) IS . -12 M / | C^S ( x cg - x cp ) , K 0?irt ( x T - x =g ) | 9 

From these expressions an incremental pitch and yaw component of wind is 
coaputed, 

(2-40) AV^ * -Via / |ia cosy - 57. 3 sin Y | 

(2-41) Av’ * VAj8/ 57.3 

v y 

The predicted pitch and yaw components of wind from measured values are, 
(2-42) V * V cos(£- ( ) 

Wp w w 

(2-43) v » V sin( ( - ^ ) 

y 

Adding the incremental effective wind velocity components and resolving 
the vector yields an effective wind velocity of, 

(2-44) » y (V v + AV^ ) 2 + (V w +AV^ y ) 2 

F P y 


with a direction, 

(2-45) / . £ + tan' 1 I (V ♦ AV’ ) / (V + AV » )| 

■ » w p p y y 
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Small angle assumptions used in these equations should result in 
significant, errors if the increaental angle of attack or sideslip (equations 
2-38 and 2-39) are over five (5) degrees. The increaental angles of attack 
ana sideslip are printed out so that areas of dubious accuracy can be spotted. 


Certain other equations are used in this computer program to compute data 
which may be of use in post-flight evaluations. Ihese include evaluation of 
residual moments using only linear stability derivatives and not accounting 
for known jet damping* fin misalignments* and center of mass offset. They 
can be used in a post-flight trajectory simulation program which does not 
include these effects. The equations for the modified residual moments are: 


(2-46) 


(2-47) 


^2— 48) 


“* ' V - c » a s,( x cg- W * V* 


<1 2V 


12 


- T (x - x ) € t - 2 (C H SQ ♦ Ft- )4$_ 

act t eg T fleXp 6 5 p 

12(57.3) 


AH' 


I 4> + C_ SQ( x — x ) fi - C QSi - C QSd 2 tj, 
J eg cp_ •" n A 


*a eg cp ( 
22 

“ T act (x, r “ X cg ) 6T flex p 
12(57.3) 


q 2 V 

- 2 (C SQ + Fr 8 )l s 8 y 


AL’ « ij - - C £ - 2 (C^8Q^ lp ♦ F^) 8j 


original pac— 

0F poor quality 
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5.1 General 


This computer program is coded ia FORTRAN IT for a CDC CBS 175 system. 
The code is compatible with ANSI standards with the exception of the DATA 
statements. It is arranged to operate with standard card input and line 
printer output. Optional plotting is based on standard CAL COMP plotters. An 
optional punched card output of residual moments and effective rocket motor 
thrust misalignment is imbedded. 

A main routine (STAGEl) and twelve subroutines require approximately 38K 
words of computer memory. All output is stored in array variables to 
facilitate a well formatted output paging system, punched card option, and 
CALCOMP plotting format. 

Program flow and user instructions are presented in the following 
paragraphs. Input and output of a sample problem is illustrated along with 
the detailed descriptions. 


5.2 Program Plow 


Program flow is straightforward in five basic parts, 

. input data 

. compute time histories of pitch, yaw, and roll axes moments and 
effective characteristics 
. output data on line printer 
. optional punched card output 
. optional CALCOMP plotted output 

A flow chart of the main routine (STAGEl) is presented in Figure 5* 
Interaction of the main routine and the twelve subroutines is presented in 
Figure 4. Blank and labeled common locations in the subprograms are also 
presented in Figure 4« A complete listing of the FORTRAN program including 
all subroutines other than CALCOMP library subroutines is presented in 
Appendix A. 

Descriptions of the subroutines are presented in the following paragraphs. 


3»3 Subroutine Description 


Twelve subroutines are used to support the STAGEl main program; ACC, 
CURVE, DASH, DTBLN, MAI A, PAGEHD, PIS, PUNAID, SIMEQ, SMDF, TBLN, and TBLU. A 
brief description of each is presented below. 
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ACC 


This subroutine computes angular acceleration from a slope of a graphic 
display of angular rate data such as an oscillograph record. Slope is assumed 
to be measured in degrees from the constant zero acceleration level as shown 
in the following sketch. 



Angular acceleration is, 

(3-1) $ - XKT * XKR * tan \ e 


where, 


XKT is the paper speed (length units per second) 

XKR is the scale factor (degrees per second per unit length) 
is the slope of the rate trace in degrees 

The call statement is, 

CALL ACC (ANSWER, XKR, XKT, MKT) 

ANSWER - input slope in degrees (Xg) , it is also the output angular 
acceleration in degrees per second squared 
XKR -is rate scale factor 

XKT - is paper speed or inverse of time scale factor 
MKT - error indicator 
= 0 normal 

* 1 slope of 90 degrees or more encountered 
(ANSWER is set to 0) 


CURVE 


This subroutine sets up the CALCOMP plots including framing, titling, and 
curve data preparation. It is set up for specific scale factors on a series 
of 8 1/2 by 11 inch pages having a 10 z 10 to the centimeter graph paper. The 
ranges and labeling which are set are shown in the sample problem output. 

Data to be plotted is obtained from the main routine through common 
blocks 'PLUT* and P2. The curve plotting includes combinations of simple 
lines, dashed, and dashed-dot, and lines with symbols which is accomplished 
with the DASH subroutine. 



The call statement is, 
CALL CURVE (HOPT, NLP) 
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where, 

HOPT - plot options as follows 
HOPT 3 1 pitch moments 
* 2 yaw moments 
3 3 roll moment 

3 4 pitch and yaw moments and thrust misalignment 
3 5 pitch, yaw, and roll moments, effective thrust 
misalignment, wind, and these input tables: Q, M, pitch, 

yaw, and roll control deflections, pitch, yaw, and roll 
rates, and accelerations, and angles of attack and 
sideslip 

HLP - number of time points for each curve of output time histories 

If scales or plot sizes other than those shown are desired this 
subroutine would be either replaced or modified. 


DASH 


This subroutine plots a curve on a CAL COMP plotter for a set or ordinates 
and abscissas. The style and type of line drawn is selected by the user. 

Note that the CALCOMP plot is specified in inches; plotting on metric paper 
requires appropriate scaling change before entering this subroutine. 

The call statement is, 

CALL DASH (X, Y, HP, Zl, Z2, SPACE, XSCALE, YSCALE, LSYMB, XLIM, YLIM) 
where, 

X - input array of abscissa values 

Y - input array of ordinate values 

NP - number of points in X and Y to be plotted 

Zl - for dashed-dot lines this is length of long line measured 

in inches (see sketch below) 

Z2 - for dashed-dot lines this is length of short line measured 

in inches (see sketch) 

SPACE - for dashed style lines this is the length of the space between 
lines measured in inches. 

SPACE 3 0 gives a solid line plot 

SPACE 3 negative gives special CALCOMP symbols at each point 
XSCALE - abscissa plot scale factor (units per inch) 

YSCALE - ordinate plot scale factor (units per inch) 

LSYMB - special CALCOMP symbol code number used if SPACE is negative 
(see code below) 

- (♦) ISYMB gives straight solid lines between symbol points 

- (-) LSYMB gives only symbols at each point without lines 
XLIM - plot limiting of the abscissa (inches) points out of range, 

range will appear at this limit 
YLIM - plot range of ordinate (inches) 
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For ease in use, the following styles are typically possible, 


LINE 

TYPE 

Z1 

Z2 

SPACE 

LSYMB 


Solid 

— 

— 

0. 

0. 


Dashed 

0.25 

0.25 

0.10 

0. 


Dashed 

0.07 

0.07 

0.07 

0. 


Dashed 

0.5 

0.03 

0.07 

0. 


Dot 






Symbols 

— 

— 

-0.1 

+2 

A ^ A A 

Symbols 
(no line) 

— 

— 

-0.1 

-2 


Some common symbols available on CAL COMP are: 

LSYMB ■ 0 □ 

1 o 

2 A 

3 + 

4 X 

For other special symbols see your CALCOMP plotting package manual. 

DTBLN 

This subroutine performs a double table lookup for two abscissas from a 
table arranged with abscissas in monotonically increasing order. The first 
abscissa is currently limited to five values and the second is limited to 
fifty values. It uses subroutine TBLN to perform the table lookup at th 
second level. 

The call to this subroutine is, 

CALL DTBLN (OBD, ABSC1, ABSC2, HI, TAB1, N2, TAB2, TORD, Ml, M2) 
where , 

ORD - returned ordinate to be found 

ABSC1 - requested abscissa of first independent variable 
ABSC2 - requested abscissa of second independent variable 
N1 - number of values in first independent variable array (current 
dimension limits to 5) 

TAB1 - array of abscissas for first independent variable 
N2 - number of values in second independent variable array (current 
dimension limits to 50) 

TAB2 - array of abscissas for second independent variable 
TORD - two dimensioned array of ordinate values, TORD (Nl, N2) 

Ml - index for first search of variable one (l to Nl). 

index of located lookup is returned also for further use on next 
lookup 

M2 - index for first search of variable two (l to N2) also modified 
and returned for further use 
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MAXA 


This integer function subprogram finds the maximum absolute value in an 
array of numbers and sets it to an integer value* 

The use is, 

I - MAXA (H,A) 

where, 

H - number of values in 'A' array 
A * input array of numbers 


PAGEHD 


This short subroutine ejects a page and prints the run number and page 
number on top of each page of printed output* 

The call statement is, 

CALL PAGEHD 

The run number and page number are transferred through labeled common 
block ' P2' . 


PIS 

This subroutine determines a least squares polynomial fit of data 
points* It uses the SIMEQ subroutine to solve the vector-matrix equation 
necessary to obtain the polynomial coefficient vector. It is currently 
dimensioned for twenty data points and up to a tenth order polynomial* 

The call statement is, 

CALL PIS (M, X, Y, N, C, NER) 
where , 

M - number of points given 
X - is the given abscissa array 

Y - is the given ordinate array 

N - the order of the polynomial to be fitted 

C - is the returned polynomial coefficients in ascending order, i.e., 

Y - C( 1) + C(2) X + C(3)X 2 + ... + C(N+1)X N 

NER - is an error indicator 

NER ■ 0 matrix is singular and cannot be inverted 
NER * 1 normal 


PUNAID 


This subroutine prepares the punched card output decks on tape unit 
seven. The punched output format is for use by other routines using a 
specific "NASA” type input format. It can be easily modified by reprogramming 
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to another suitable format* A description of the output card images is 
presented in paragraph 3*5*7* Data is transferred from the main routine via 
labeled common block "PUHSH". 

The call statement is* 

CALL FUHAID (J, N) 
where* 

J - number code of the variable to be punched from the array PUHCH(J, H) 

H - number of points to be punched 

The alphanumeric identifications to be punched on the cards are entered 
in arrays HTITL, HNTXTL, and HAHE through labeled common 1 HJNSH' . Current 
dimensions limit the output to one of six having up to two hundred points. 

SIMEQ 


This subroutine solves a set of linear equations by matrix inversion 
techniques* It is currently limited to a tenth order problem (ten linear 
equations) of the form 

(3-2) A*X = XDOT 

where, 

A - is an KC by KC matrix of coefficients 
X - is a vector of unknowns to be solved 
XDOT - is a vector of values given 

The solution is, 

(3-3) X - A _1 XD0T 

The call statement is, 

CALL SIMEQ (A, XDOT, KC, X, IERB) 

where, 

A - is the matrix of given coefficients 

XDOT - is the vector of known constants 

KC - is the order of A or number of equations to be solved 

X - is the solution vector 

IERB - error code 

IERR * 1 normal 

IERR * o matrix is singular 

SMDP 

This subroutine performs a differentiation of a curve defined by a set of 
points. It first selects the appropriate number of points from a table of 
values. It then fits a least squares polynomial to these points. The 
derivative of this polynomial is then computed. This subroutine uses the PLS 
and SIMEQ subroutines to compute the least squares polynomial curve fit. 
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The fitted polynomial ia of the form, 

(3-4) Y ■ A(l) + A(2)X ♦ A(3)X 2 ♦ ...4A(H0R +l) X N0R 

The first derivative 'Y* with respect to 'X' at X - 1M 


is. 

(3-5) TD -0Y/eX - A(2) + 2*A(3)*M ♦ 3*A(4)*TM 2 +, .. 

...♦ H0R*A(H0R+1)*!W S0R " 1 
The call statement is, 

CALL SMDF (NT, T, TM, HP, HOR, TD) 
where, 

HT - is the number of values in the 'T' array 

T - is the array of input of alternating X, Y values arranged in 
ascending order of X 

TM - is the abscissa value at which the derivative is to be computed 
NF - the number of local points equally spread about the abscissa to 
be used in the curve fit 

NOR- is the order of the polynomial to be used in the least squares 
fit of 'Y* versus 'X* 

TD - is the derivative computed at the abscissa 'TM' by the above 
procedure 

TBLH 

This is a single table lookup subroutine using linear interpolation 
between points. This subroutine requires separate arrays of abscissas and 
ordinates* The abscissas must be in ascending order. 

The call to this subroutine is: 

CALL TBLN (Y, X, T, A, NT, M) 


Y - is the ordinate to be found 

X - is the given abscissa. 

T - is the abscissa table. 

A - is the corresponding ordinate table. 

NT - is the number of values in each table. 

M - is a current locator for the search of the table. 'M* must 
be greater than zero and less than or equal to 'NT' . M 
returns the current location found for the abscissa and should 
be used for the next lookup of the same table to reduce the search 
time. 
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mu 


This is also a single table lookup. It is based on linear interpolation 
between points for a single array having alternating values of abscissas and 
ordinates. The abscissas must be in ascending order. 

The call to this subroutine is: 

cal t , mu (NT, Y, X, T, K) 

NT - number of values in table 'T' including abscissas and ordinates. 

Y - is the ordinate to be found. 

X - is the given abscissa. 

T - is the table of alternating abscissas and r ,'jntes. 

M - is the table locator described under ’TBLN ve. 


3.4 Input Data Description 

Input data descriptions are presented in the following subparagraphs. A 
sample problem input data listing is presented in Figure 5 for reference. 
Input data can be separated into eleven (11) basic groups: 

(1) tables of predicted aerodynamic coefficients, 

(2) run option and arbitrary output title cards, 

(3) tables of rocket booster parameters, 

(4) tables of mass properties, 

(5) trajectory variables, 

(6) wind profile, 

(7) drag, angles of attack and sideslip, 

(8) telemetered vehicle data - pi.ch yaw and roll accelerations, rates 
and control surface deflections, 

(9) single constants. 

(10) output time Increments, 

(11) optional CALCOMP plot input data 


3*4*1 Aerodynamic Coefficients 


Aerodynamic coefficient tables are read in fields of ten (10), eight (8) 
values to a card. Unless specified otherwise, a format of (I10/(8E10.3) ) is 
used. Bach table is lead by a card containing an integer number identifying 
the number of numbers to be read. It is located in the first ten columns an'* 
is right justified. Double tables are read in three phases: (l) the single 

table of the first independent variable, (2) a single table of the second 
independent variable, and (3) the dependent variable. Refer to Figure 5 for a 
sample input. The following order of input is used. 
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FORTRAN 

NO. OP 


ORIGINAL PAGE IS 
OF POOR QUALITY 

NAME 

VALUES 

SYMBOL 

UNITS 

DESCRIPTION 

NXQT 




number of values of dynamic 
pressure for double tables 
CNAST, CMQ1T, CMQ2T, and 
XCPT 

XQT 

(nxqt) 

“ 

(lbs/ft 2 ) 

dynamic pressures abscissa 
sable (5 max) 

NXM1T 

-- 

-- 


number of values in Mach 
number abscissa table for 
CNAST 

XM1T 

(NXM1T) 

— 

— 

table of Mach numbers for 
CNAST table (30 max) 

CNAST(1,-; 

NXM1T 

C NqP 

(ft 2 /deg) 

normal force coefficient 
slope times reforence area 
for fxrst dynamic pressure 
and all Ma«,a numbers 

CNAST (2,-) 

NXM1T 

V 

(ft 2 /deg) 

normal force coefficient 
slope at second dynamic 
pressure 

CNAST(NXQT, 

-) NXM1T 

% S 

(ft 2 /deg) 

normal force coefficient 
slope at last value of 
dynamic pressure 


The next table la a double table for the pitch damping derivative about a 
specified reference (CGl). The first abscissa (dynamic pressures) must be as 
input above. The lead card for this table includes the integer number of Mach 
numbers and the floating point value of (CGl) . It is read with format (110, 
E10.3). 


FORTRAN 

NAME 

NO. OF 
VALUES 

SYMBOL 

UNITS 

DESCRIPTION 

NXM2T, CGl 

2 

- “ 

(-, inches) 

number of Mach number'; 
for CMQ1T table, and 
reference station for CMQ1T 

XM2T 

NXM2T 

— 

— 

Mach numbers for CMQ1T 
table (50 max) 

CMQ1T(1,-) 

NXM2T 

^mq 

( 1/deg) 

aerodynamic damping 
derivative about CGl at 
first value of dynamic 
pressure 

CMQ1T(NXQT, 

-) NXM2T 

^mq 

( 1/deg) 

aerodynamic damping 
dertivative about CGl at 
last value of dynamic 
pressure 

NXM3T, CG2 

2 


(-, inches) 

number of Mach numbers and 
reference station for CMQ2T 
table 
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FORTRAN 

NO. OF 


ORIGINAL 
OF POOR 

PAGE IS 

Quality 

HAKE 

VALUES 

SYMBOL 

UNITS 

DESCRIPTION 

XM3T 

NXM3T 

— 

— 

Mach numbers for CMQ2T 
table (30 max) 

CNQ2T(1,-) 

HXH3T 

C B q 

(1/deg) 

aerodynamic damping 
derivative about C62 at 
first value of dynamic 
pressure 

CMQ2T(HXQT, 

-) NXM3T 

Cmq 

(1/deg) 

aerodynamic damping 
derivative about C62 at 
last value of dynamic 
pressure 

NXM4T 

1 

— 

— 

number of Mach numbers for 
XCPT table 

XM4T 

NXM4T 

— 

— 

Mach numbers for XCPT table 
(30 max) 

XCPT(l,-) 

NXM4T 

O 

o 

(inches) 

aerodynamic center taMe at 
first value of dynamic 
pressure 

XCPT(NXM4T, 

-) NXM4T 

X CPo 

(inches) 

aerodynamic center table at 
last value of dynamic 
pressure 


The remaining aerodynamic tables are single tables having alternating 
values ol abscissas and ordinates. Bach table is preceded by a card having an 
integer number of values in the table. Bach ordinate-abscissa pair is counted 


as two 

values. The 

format is (I10/(8E10 

FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

NT1 

1 

— 

— 

CNDST 

NT1 

% S 

(ft 2 /deg) 

CLEST 

NT2 


(ft 2 /deg) 


3)). 


ABSCISSA UNITS DESCRIPTION 


number of values 
in CNDST (50 max) 

Mach — aerodynamic 

control surface 
normal force 
coefficient per 
degree deflection 
(one surface) 
number of values 
in CLEST (50 max) 

Mach — incremental fin 

lift coefficient 
per degree of 
misalignment 
times reference 



ORIGINAL PAGE !3 
OF POOR QUALITY 


FOHTRAI 

BINS 

BO. OF 
VALDES 

OHDIBATB 

OMITS 

ABSCISSA 

UBITS 

DESCRIPTIOB 

HT5 

1 

— 

— 

— 

— 

number of values 
in XCFFBT (50 max) 

XCFFBT 

BT3 

^Pfin 

(inches) 

Each 


fixed fin center 
of pressure body 
station 

BT4 

1 

— 

— 

— 

— 

number of values 
in ETFLXT (50 sax) 

BTFLXT 

HT4 

Ka 

(ft 2 /deg- 

lbs) 

Mach 


thrust mis- 
alignment 
flexibility 
coefficient due 
to aerodynamic 
loads 

HT5 

1 

— 

— 

— 

— 

number of values 
in DCBST (50 max) 

DCBST 

HT5 

Ac h s 

(ft 2 ) 


(deg) 

non-linear 
incremental 
noimal force 
coefficient 
versus 

aerodynamic angle 

HT6 

1 

— 

— 

— 

— 

number of values 
in DXCPT (50 max) 

DXCPT 

MT6 


(inches) 


(deg) 

incremental 
change in 
aerodynamic 
center due to 
aerodynamic angle 

HT7 

1 

— 

— 

— 

— 

number of values 
in CMOT (50 max) 

CMOT 

HT7 


— 

Mach 

— 

pitching moment 


coefficient at 
zero angle of 
attack 


NTS 

1 



•• 

— number of values 
in DZCGT (20 max) 

DZCGT 

NTS 

tecg 

(inches) 

^cons 

center of mass 
offset in pitch 
plane versus 
percent 
propellant 
consumed 
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FORTRAN 

HANK 

10. OF 
TALUS 

ORDIBATE 

UNITS 

ABSCISSA 

UHITS 

DESCRIPTION 

ST9 

1 

— 

— 

— 

— 

number of values 
in CHOT (50 max) 

CBOT 

HT3 

° n o 


Mach 


yawing moment 
coefficient at 
zero angle of 
sideslip 

HT10 

1 

— 

— 

— 

— 

number of values 
in DYCGT (20 max) 

DYCGT 

ST 10 

A Tcg 

(inches) 

^cons 


center of mass 
offset in yaw 
plane versus 
percent 
propellant 
consumed 

ST11 

1 

— 

— 

— 

— 

number of values 
in CLOT (100 max) 

CLOT 

NT11 

o 

bm 

0 

— 

Mach 

— 

rolling moment 
coefficient 

HT12 

1 

— 

— 

— 

— 

number of values 
in CLERST (50 max) 

CLERST 

NT12 

C, Sd 

(ft^/deg) 

Mach 


rolling moment 
coefficient per 
degree fin 
misalignment 
times reference 
area and length 

HT13 

1 

— 

— 

— 

— 

number of values 
in CLPT (50 max) 

CLPT 

HT13 

Cl Sd 2 
1 p 

(ft^/deg) 

Mach 


roll damping 
moment derivative 
times reference 
area and square 
of reference 
length 


3.4. 2 Bun Option and Arbitrary Identification 


The second group of input data include j four cards. The first of these 
contains five integers which define the run options and run numbers. These 
are read in five fields of ten and must be right justified. These are: 
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FORTRAN COLWffl 

MAKE 10. 


HRUH 


10 


MACC 


20 


5AACP 


30 


NPUHCH 


40 


NPLOT 


50 


DESCRIPTION 


an arbitrary run number which 
is pri ^ed at the top of each 
page of output. 

option for angular accele- 
ration input, 

UACC • 0, angular accelera.ica 
input in decrees per 
second squared 
versus tiae« 

BACC * l, rate trace slope in 
degrees and paper 
scale factors are 
used to compute 
angular accele- 
rations (see svo- 
routine ACC in 3*3) 

option for differentiation 
of rate by least squares 
polynomial 

NAACP * 0, accelerations or 
rate trace slopes 
must be input 
BAACP - 1, rate data is 
differentiated 
using SMDF sub- 
routine. Humber of 
points and poly- 
nomial order must 
be read instead of 
acceleration table 

control integer for optional 
punched card output 
NPUHCH * 0, no punched cards 
NPUHCH * 1, punched cards in 
"NASA Input" 
format are output 
(see sample 
problem output) 

control integer for optional 
CALCOMP plot output 
NPLOT -* 0, no plot 
NPLOT * 1, gives specific 
CALCOMP plotted 
output. If used 
group 11 input data 
must be used 
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lb* next three cards contain arbitrary title data in columns 1 through 
72. This information is printer on the top of each page of line printer 
output. There must be three cards even if blank. 


3.4.3 Tables of Rocket Booster Parameters 


This group of input data includes the rocket booster thrust and propellant 
weight remaining time histories, the predicted pitch and yaw component of 
thrust misalignment and the rocket control forco parameters (such as jet \ .n„ 
lift effectiveness parameters). Bach table is input with an (I10/(8E10.3) ) 
format* See Figure 5 for sample input. Most tables have alterna + ’ og values 
of abscissas and ordinate3. 


PORTRAH HO. OF 

SAME VALDES OBDIHATE US ITS ABSCISSA UHITS DBSCRIPTIOS 


ST 14 

1 


— * 



number of values 
in TVACT (100 max 

TVACT 

ST 14 

^vac 

(lbs) 

time 

(sec) 

vacuum thrust 
versus time 

NT20 

1 

— 

— 

— 

— 

number of values 
in TACT (100 max) 

TACT 

HT20 

^act 

(lbs) 

time 

(sec) 

actual thrust 
versus time 

ST19 

1 

— 

— 

— 

— 

number of values 
in PPCT (100 max) 

PPCT 

BT19 

^cons 

(lbs) 

time 

(sec) 

booster 

propellant weight 
remaining versus 
time 

NT28 

1 

— 

— 

— 

— 

number of values 
in ETPT (20 max) 

ETPT 

ST28 


(deg) 

time 

(sec) 

predicted pitch 
component of 
thrust 

misalignment 

ST33 

1 

— 

— 

— 

— 

number of values 
in ETYT (20 max) 

ETYT 

ST33 


(deg) 

time 

(sec) 

predicted yaw 
component of 


thrust 

misalignment 


NT15 1 
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FORTRAN NO. OF 

NAME VALUES ORDINATE UNITS ABSCISSA UNITS DESCRIPTION 

ALTT HTI5 u — time (sec) booster control 

independent 
variable of 
polynomial form 
(see Equation 
2-16) 

NAT 1 — — — — number of values 

in A (5 max) 

A NAT a^ — — — boost control 

(e.g. , jet vanes) 
polynomial 
coefficients from 
zero order to 
hipest order 
(see Equation 
2 - 16 ) 


5.4*4 Tables of Hass Properties 

This group includes the center of mass and moments of inertia versus 
percent of propellant consumed. These are input with format (I10/(8E10.3) ) as 
shown in the sample problem (Figure 5) • 


FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT23 

1 

— 

— 

— 

— 

number of values 
in XCGT (20 max) 

XCGT 

NT23 

X cg 

(inches) 

^ ^cons 


center of mass 
station versus 
percent of 
propellant 
consumed 

NT22 

1 

— 

— 

— 

— 

number of values 
in XIY7T (20 max) 

XITYT 

NT22 


(slug/ft 2 ) 

^ ^CODS 


pitch or yaw 
moment of inertia 
versus percent 
propellant 
consumed 

NT37 

1 

— 

— 

— 

— 

number of values 
in XIXXT (20 max) 

XIXXT 

NT37 


(slug/ft 2 ) 

- 2k - 

^ ^cons 


roll moment of 
inertia versus 
percent 
propellant 
consumed 
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3*4.5 Trajectory Variables 


This group includes six trajectoy parameters. They are entered with 


format 

(I10/8B10.3)). 





FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT16 

1 

• • 

— 

— 


number of values 
in QT (600 max) 

QT 

NT16 

Q 

(lbs/ft 2 ) 

time 

(sec) 

dynamic pressure 
time history 

NT17 

1 

— 

— 

— 

— 

number of values 
in VT (600 max) 

VT 

NT 17 

V 

(ft/sec) 

time 

(sec) 

relative air 
velocity versus 
time 

NT1S 

1 

— 

— 

— 


number of values 
in XMNT (600 max) 

XMNT 

NT 18 

Mach No. 


time 

(sec) 

Mach number 
versus time 

NT42 

1 

— 


— 

— 

number of values 
in GAMM (600 max) 

GAMM 

NT42 

y 

(deg) 

time 

(sec) 

flight path angle 
versus time 

NT39 

1 

— 

— 

— 

— 

number of values 
in ZRT (600 max) 

ZRT 

NT39 

4 

(deg) 

time 

(sec) 

relative azimuth 
versus time 

NT38 

1 

— 

— 

— 

— 

number of values 
in ALT1 (600 max) 

ALT1 

NT38 

h 

(kilofeet) 

time 

(sec) 

altitude versus 
time 




3.4.6 Wind 

Profile 




The wind speed and direction are entered versus altitude with format 
(I10/(8E10.3)) • The altitude units must be consistent with the input altitude 
time history above. 
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FORTRAN 

HANS 

NO. OF 
VALUES 

ORDINATE 

UNITS 

NT40 

1 

— 

— 

WH 

HT40 

*w 

(ft/sec) 

NT41 

1 

— 

— 

ZVH 

NT41 

<w 

(deg) 


ABSCISSA UNITS DESCRIPTION 

— — number of values 

in WH (600 max) 

h (kilo- wind, speed 

feet) versus 
altitude 

— — number of values 

in ZVH (600 max) 

h (kilo- wind azimuth 

feet) versus altitude 


3.4.7 Drag, Angles of Attack and Sideslip 


These tables are input with a format (I10/(8E10.3)). 


FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT21 

1 

— 

— 

— 

— 

number of values 
in DRAGT (600) 

DRAST 

NT21 

Drag 

(lbs) 

time 

(sec) 

vehicle drag 
versus time 

NT27 

1 


-- 



number of values 
in ALPHAT (600 
max) 

ALPHAT 

NT27 

a 

(deg) 

time 

(sec) 

angle of attack 
versus time 

NT32 

1 

••• 


— - 

— 

number of values 
in BETAT (600 
max) 

BETAT 

NT32 

0 

(deg) 

time 

(sec) 

angle of 
sideslip versus 
time 
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3.4.8 Telemetered Vehicle Data 


OF POOH QUALITY 


Time histories of argular accelerations, rates, and control surface 
deflections are input. Pitch, yav and roll angular accelerations may be input 
if the appropriate option was selected (see 3*4.2 above). Options include (l) 
input of angular accelerations, (2) input of rate trace slopes and scale 
factor or, (3) input number of points and polynomial order for a least squares 
polynomial curve fit of rate data for differentiation. 

(If NAACP - 0, NACC - 0, input format (I10,2E10.3/(8B10.3)) 

FORTRAN NO. OF 


NAME 

VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

HT24,-,- 

1 





number of values 
in the THEDDT 
(600 max) 

THEDDT 

NT24 

•e 

d 

(deg/sec 2 ) 

time 

(sec) 

pitch angular 
acceleration 
versus time 

(If NAACP - 

• 0, NACC 

* 1, rate 

trace scale factors and slopes) 


NT24, PKTH, 

PKW 





number of values 
in THEDDT (600 
max) 

PKTH - pitch rate 
trace scale 
factor 

(deg/sec/inch) 
PKTM M pitch 
rate trace paper 
speed 

(inches/sec) 

THEDDT 

NT24 


(deg) 

time 

(sec) 

pitch rate trace 
slopes versus 
time (see ACC 
subroutine. 
Section 3.3) 


(If NAACP = 1, angular acceleration not read, see SMDF subroutine Section 3*3) 

NPCFP, NORP (Format 2110) NPCFP ■ number 

of points used 
for polynomial 
curve fit (20 
max) 

NORP * order of 
polynomial to be 
used for 
differentiation 
of pitch rate 
trace (10th 
order max) 
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ORIGINAL PAGE 13 

next two tables are inpu? options with format (I10/(8E10.3)) . 

FORTRAN 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT25 

1 


— • 


-- 

number of values 
in THEDT (600 
max) 

THEDT 

NT25. 

s’ 

9 

(deg/sec) 

time 

(sec) 

pitch rate 
versus time 

NT26 

1 


*■* 


•• 

number of values 
in PFIHT (600 
max) 

FFIIT 

NT26 

8p 

(degrees) 

time 

(sec) 

pitch component 
of control 
surface 
deflection 
versus time 
(assumed average 
of two surfaces) 


The yaw angular acceleration, slopes or curve fit constants are read in 
next in the same way as described for pitch above, i.e., 


(If NAACP - 0, NACC 

* o) 




FORTRAN NO. OF 

NAME VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS DESCRIPTION 

NT29 1 

— 

— 

— 

number of values 
in PSIDDT (600 
max) 

PSIDDT NT29 

#• 

* 

(deg/sec 2 ) 

time 

(sec) yaw a%ular 
acceleration 
versus time 

(If NAACP - 0, NACC 

a 1, read 

rate trace 

scale factors 

and slopes) 

NT29, YKTH, YKTM (format (110, 

2E10.3) 


number of values 
in PSIDDT 
YKTH = yaw rate 
trace scale 
factor 

(deg/sec/inches) 
YK1M ■ yaw rate 
trace paper 
speed (in/sec) 

PSIDDT NT29 


(deg) 

time 

(sec) yaw rate trace 
slopes versus 
time 
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0F POOR Q'jaLi'TV 

(If NAACP » 1, read in number of points and order of polynomial for 
differentiation of yaw rate data by SMDF subroutine) 

NPCFY, NORY (Format 2110) NPCFY - number 

of points for 
least square 
curve fit 
NORY - 

polynomial order 

The next two tables are read in regardless of option. 


FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT30 

1 

-- 

— 

— — 

— — 

number of values 
in PSIDT (600 
max) 

PSIDT 

NT30 


(deg/sec) 

time 

(sec) 

yaw rate versus 
time 

NT31 

1 

-- 


-- 


number of values 
in YFINT (600 
max) 

YFINT 

NT31 

8y 

(degrees) 

time 

(sec) 

yaw component of 
control surface 
deflection 
versus time 
(average of two 
surfaces is 
assumed) 

In similar fashion the roll angular accelerations! 
are input. 

rates 

and deflections 

(IF NAACP 

- 0, NACC 

- 0) 





FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

DESCRIPTION 

NT34 

1 


— 

— 

— 

number of values 
in PHIDDT (600 
max) 

PHIDDT 

NT34 

M 

(deg/sec 2 ) 

time 

(sec) 

roll angular 
acceleration 


versus time 
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(If NAACP * 0, NACC * 1, read in roll rate trace slopes and scale factor* 

NT34, RKTH, RKTM (format '110, 2E20.3)) number of values 

in PHIDDT (600 

max) 

RKTH - roll rate 
trace scale 
factor 

(deg/sec /inches) 
RKTM ■ rate 
trace paper 
speed 

(inches/sec) 


PHIDDT NT34 (deg) time (sec) roll rate trace 

slope versus 
time 

(if NAACP * 1, polynomial curve fit information for SMDP) 

NPCFR, NORR (foraat 2110) NPCFR - number 

of ; sints for 
curve fit 
NORR = order of 
polynomial 


The following 

two tables 

are input 

regardless of acceleration options* 

FORTRAN 

NAME 

NO. OF 
VALUES 

ORDINATE 

UNITS 

ABSCISSA 

UNITS 

descript:' :n 

NT35 

1 





number of values 
in PHIDT (600 
max) 

PHIDT 

NT35 

i 

(deg/sec) 

time 

(sec) 

roll rate versus 
time 

NT36 

1 

“ - 

- — 


— - 

number of values 
in RFINT (600 
max) 

RFINT 

NT36 


(deg) 

time 

(sec) 

roll control 


surface 


deflection 
versus time 
(average of two 
surfaces is 
assumed) 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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3.4-9 Single Constants, 


Two cards of constants are read in this group using a Format (8EIO.3), 
i.e., eight values per card in fields of ten columns. The order, units, and 
description sre, 

FORTRAN * 


NAME 

SYMBOL 

UHIT3 

DESCRIPTION 

EFINP 

€ finp 

(degrees) 

sum of pitch component of 
fixed fin misalignment (i.e., 
if there are two pitch fins 
one misaligned >0.1 degrees 
and other -0.04 degrees the 
value + 0*06 is entered) 

EFINY 

€ fin y 

^degrees) 

sum of yaw component of fixed 
fin misalignment 

EFINR 


(degrees) 

sum of roll component of fixed 
fin misalignment 

XT 

*r 

(inches) 

body station of rocket nozzle 
throat (assumed point of 
action of thrust misalignment) 

XD 

h 

(inches) 

body station of control force 
action 

XF 

X f 

(inches) 

body station of front of 
rocket motor chamber (used in 
jet damping) 

XE 

*e 

(inches) 

body station of nozzle exit 
plane (used in jet damping) 

RTIP 

®tip 

(feet) 

radial location of aerodynamic 
control force from centerline 

RJV 

Rr 

(feet) 

radial location of rocket 
motor controls (jet vanes, 
gimbaled nozzles, etc.) 

XISP 

*sp 

(sec) 

rocket motor specific impulse 
used in jet damping calculation 

S 

S 

(ft 2 ) 

aerodynamic reference area 

D 

d 

(ft) 

aerodynamic reference length 

TO MODE 

K S 

(1/lb) 

coefficient of flexible thrust 
misalignment induced by 
control force 

TIME 

to 

(sec) 

initial time to start problem 
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3.4*10 Output Time Increments OF POOR QUAL rT Y 


More than one atep else can be used for output. For Instance, if one or 
more specific areas of flight require higher density output the end times and 
increment of each ol these groups can be specified by the CTIME and DTIME 
arrays. The number of groups and the CTIME and DTIME arrays are entered with 
a format (I10/(8E10.3)). 


FORTRAN 

NAME UNITS DESCRIPTION 


reps 


number of changes in output 
increment (20 max) 


CTIME( ), DTIME ( ) (sec) 


alternating values, 

CTIME * time of change or end 
of time group 

DTIME * time increment to be 
used for output up to end of 
time group CTIME 


3*4.11 CALCOMP Plot Information 


When CALCOMP plots are desired (HP LOT * l) certain minimal information is 
input. The first input is an 80 column card of alphanumeric identification 
printed on the CALCOMP header preceding the first plot. This is read with a 
format (8A10). 

The last card reads two variables with format (-10, C X, A5). These are, 


NOPT - an integer option n .aber 


NOPT - i 
NOPT - 2 
NOPT - 3 
NOPT - 4 

NOPT - 5 


- plots pitch moments only 

- plots yaw moments only 

- plots roll moments only 

- plots pitch and yaw moments, effective thrust misalignment 
and winds 

- plots variables for NOPT - 4 plus roll moments and input 
data for deflections, a, ft, rates, accelerations, Mach 
number, and dynamic pressure. 


IPLOT - five (5) column alphanumeric vehicle identification to which 

is included in the heading of each CALCOMP plot. Notice in 
the sample problem this is (S-192). 


3=5 Output Data Description 


The output includes line printer output of pitch, yaw and roll data us 
well as optional punched card output of selected parameters (if NPUNCH • l) . 
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The following arrangement of line printer output occurs which can be seen in 
Figure 6 for the sample problem. 

. pitch parameters - first page format 
• pitch parameters - (continued) 

. yaw parameters - first page format 
. yaw parameters - (continued) 

. wind parameters 
. roll parameters 

The top of each page of output contains the specified run number, page 
number and the three cards of holler! th information thich appeared in the 
input. Detailed descriptions of these outputs follow. 


3.5*1 Pitch Parameters - First Page Format 


The first page format includes the following variables. 


TITLE 

SYMBOL 

description 

TIME 

t 

time 

DELTA - M 

AM 

residual pitching moment 
(Equation 2-20) 

M(AERO) 

Maero 

aerodynamic pitching moment 
(Equation 2-4) 

M(CON'ffiOL) 

*S 

pitch control moment 
(Equation 2-17) 

M(I) 

ee 

I y 0 

pitch inertial term (reversed 
effective torque) 

M(JD) 

k jd# 

pitch jet damping term 
(Equation 2-10) 

M(CG) 

w’act-D) AZ cg /l2 

pitch moment due to center of 
mass offset 
(Equation 2-10) 

M(ETFLT) 


pitching moment due to 
flexibility induced thrust 
mi sa ligament 
(Equations 2-10 & 2-14) 

M(PRIME) 

AM’ 

residual pitching moment not 


including non-linear 
aerodynamics, fin 
misalignment, center-of-mass 
offset or jet damping 
(Equation 2-46) 
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TITLE 

SIXBOL * P00R WALITV DB3CHIFTI0I 

et(flx) 

<r flex 

pitch component of thrust 
misalignment induced by 
structural flexibility 
(Equation 2-14) 

ET( RIGID) 

'trig 

pitch component of thrust 
misalignment excluding 
flexibility 

ET(PBDCE) 


effective thruat misalignment 
based on H( PRIME) 

(ICG - XCP) 

(^cg“^cp)/12 

static margin 


3.5.2 Pitch Paraaetera (Continued Page) 

A second output formated page for pitch 
following. 

axis parameters includes the 

TITLE 

STHBOL 

DESCRIPTIOH 

TIME 

t 

time 

H( ALPHA) 


aerodynamic pitching moment 
due to angle of attack 
(Equation 2-4 first term) 

M(0) 


aerodynamic pitching moment at 
zero angle of attack 
(Equation 2-4) 

M(SFIN) 

(*cg"*f i n ) f finp 

aerodynamic pitching roment 
due to fin misalignment 
(Equation 2-4) 

M(DtflP) 


aerodynamic pitch damping 
moment 

(Equation 2-4 last term) 

CM(PHED) 

C m P r 

predicted aerodynamic pitching 
moment coefficient 
(Equation 2-24) 

CM(EPP) 

Cm 

effective aerodynamic pitching 
moment coefficient 
(Equation 2-23) 

XCP(PRED)P 

X CPpr 

predicted aerodynamic center 
(Equation 2-26) 

XCP( EFP)P 

*cp 

effective aerodynamic center 
in the pitch plane based on 
residual moments 
(Equation 2-2 0 ) 
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SYMBOL 

original page is 

OF POOR QUALITY 

DESCRIPT IOH 

BT(EFF)P 

*'p 


effective pitch component of 
thrust misalignment 
(Equation 2-27) 

LD(EFF)P 

S 


effective value of rocket 
motor control (jet vanes) 
'effectiveness in pitch 
(Equation 2-29) 

LD(HtED) 

F 'S 


predicted effectiveness of 
rocket motor controls (jet 
vane 8) 

(Equation 2-16) 


3.5.3 

Yaw Parameters - First Page Format 

The yaw moments and 
formats. The first page 

other yaw characteristics are output on two page 
has the following parameters, 

TITLE 

SYMBOL 


DESCRIPTIOH 

TIME 

t 


time 

DELTA-8 

Ah 


residual yawing moment 
(Equation 2-2l) 

N(AERO) 

®aero 


aerodynamic yawing moment 
(Bquation 2-5) 

B(COHTROL) 



yaw control moment 
(Equation 2-18) 

8(1) 

ij & 


yaw inertia term or 'reversed 
effective torque' 

N(JD) 

Kjd* 


yaw jet damping moment 
(Equation 2-11) 

N(CG) 

( T act" D ) ^cg/ 1 ^ 

yawing moment due to center of 
mass offset AY cg 
(Equation 2-11) 

N(ETPLX) 



yawing moment due to thrust 
misalignment induced hy 
vehicle flexibility 
(Equations 2-11 & 2-14) 

N(PRIME) 

An* 


residual yawing moment plus 


center of mass offset, jet 
damping, and fin misalignment 
(Equation 2-47) 


- 35 - 



TITLE 


SYMBOL 


DESCHIPTIOH 


ORIGINAL PAGE IS 
-aapi /Mini mr 


BT(FLX) 

€ r flex 

yaw component of thrust 
misalignment induced by 
structural flexibility 
(Equation 2-14) 

ET( RIGID) 

€f rig 

yaw component of thrust 
misalignment exclusive of 
flexibility 
(Equation 2- 13) 

ET (PRIME) 


yaw component of thrust 
misalignment based on S’ 

ETEPP(T) 


effective total thrust 
misalignment (vector sum of 
pitch and yaw components) 


3*‘5.4 

Yaw Parameters (Continued) 

A second 

page format of yaw parameters includes the following. 

TITLE 

SYMBOL 

DBSCRIPTIOH 

TIME 

t 

time 

h( alpha) 


aerodynamic yawing moment 
change due to angle of 
sideslip (first term in 
Equation 2-5) 

E(0) 

C^QSd 

aerodynamic yawing moment at 

zero sideslip 

(2nd term Equation 2-5) 

H(DfflP) 


yaw aerodynamic damping 
moment 

(4th term Equation 2-5) 

CB(PRED) 

Cn Pf 

predicted aerodynamic yawing 
moment coefficient 
(Equation 2-31) 

CH(BFF) 

Cn 

effective aerodynamic yawing 
moment coefficient 
(Equation 2-30) 

XCP(PRED)Y 

X cPpr 

predicted aerodynamic center 
(Equation 2-26) 

ET(EFF)Y 

<r 'y 

effective yaw component of 
thrust misalignment 
(Equation 2-33) 



ORIGINAL PAGE IS 
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TITLE 

SYMBOL 

DESCRIPTION 

LD(EFF)Y 


effective value of rocket 
motor control (jet vanes) in 
yaw 

(Equation 2-35) 

LD(PBED) 

F 's 

predicted value of rocket 
motor control effectiveness 
(jet vanes) 

(Equation 2-16) 


3*5*5 Wind Parameters 


A page format of wind related parameters include 3 , 


TITLE 

SYMBOL 

DESCRIPTION 

TIME 

t 

time 

ALTITUDE 

h 

altitude in kilofeet. 

•TEND VELOCITY 

v* 

wind velocity as input 

EFFECTIVE 
WIND VEL 

V 

effective wind velocity 
(Equation 2-44) 

DELTA WIND 
VEL 

Av w 

incremental wind velocity 
necessary to null residual 
moments in pitch and yaw 
(Equations 2-40 and 2-4l) 

WIND 

£ 

wind direction (azimuth) as 

DIRECTION 

V 

input 

EFFECTIVE 
WIND DIR 


effective direction of V’ w 
(Equation 2-45) 

DELTA ALPHA 


incremental change in angle 
attack necessary to null 
residual pitching moment 
(Equation 2-38) 

DELTA BETA 


incremental change in angle 


sideslip necessary to null 
residual yawing moment 
(Equation 2-39) 
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3*5*6 Roll Parameters 


ORIGINAL PAGE IS 
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A page 

format of roll 

parameters includes, 


TITLE 

SYMBOL 


DESCRIPTION 

TIME 

t 


time 

DELTA-L 

AL 


residual roll moment 
(Equation 2-22) 

L(AERO) 

L aero 


aerodynamic rolling moment 
(Equation 2-6) 

l(contrl) 

L $ 


roll control moment 
(Equation 2-19) 

l(i) 

I x <? 


roll inertia moment or 
reversed -effective-torque 

cl(eff) 

ci 


effective aerodynamic rolling 
moment coefficient 
(Equation 2-36) 

L(AEROP) 

AL* 


aerodynamic rolling moment 
excluding fin misalignment 
(Equation 2-22) 

CL(EFFP) 

C, + AL'/QSd 

1 Pf 

effective aerodynamic rolling 
moment based on residual 
moments including fin 
misalignment 

DELTA-LP 

AL' 


residual rolling moment plus 
fin misalignment term 
(Equation 2-48) 



3*5*7 Punched Card Output 

When the punched card output option is used residual moments and effective 
thrust misalignment is punched in the 'NASA-INPUT' format shown in Figure 7* 
This output is from the sample problem. The output tables include, 

TITLE 

SYMBOL 

OUTPUT NAME 

DESCRIPTION 

TIME 

t 

TAUM 

time (seconds) 

PITCH 

MOMENT 

Am 

DPITCH 

residual pitching moment 
(ft-lbs) 



TITLE 


SYMBOL 


OUTPUT HAKE 


DBSCRIPTIOH 


PITCH 

THRUST MIS. 

€ 'P 

DPITCH 

effective pitch component of 
thrust misalignment (degrees) 

YAW MOMENT 

Ah 

DYAW 

residual yawing moment 
coefficient (ft-lbs) 

YAW THRUST 
MIS 

€ ' r y 

DYAW 

effective yaw component of 
thrust misalignment (degrees) 

ROLL MOMENT 

Al 

DROLL 

residual rolling moment 
(ft-lbs) 


3.5.8 CALCOMP Plots 

The optional CALCOMP plot output is presented in figures 8 through 18. 


The parameters 

on the plots include* 


PIGURB 

FRAME 

LABEL 

SYMBOL OR EQUATION 

8 

1 

CONTROL MOMENT 

«$ 

8 

1 

REV. EPF. TORQUE 

** 

8 

1 

AERODYNAMIC 

^aero 

8 

1 

RESIDUAL MOMENT 

AM 

9 

2 

EFFECTIVE THRUST MISALIGNMENT 

9 

2 

Pitch 

f 'P 

9 

2 

Yaw 

( ' t 7 



Total 

V^/p 2 ♦ f /y 2 

10 

3 

WIND VELOCITY MEASURED 

Vw 

10 

3 

Effective 

K 

11 

4 

WIND DIRECTION MEASURED 

Cw 

11 

4 

Effective 

c ' 

s w 

12 

5 

CONTROL MOMENT 

*5 

12 

5 

REV. EFF. TORQUE 

i 7 + 

12 

5 

AERODYNAMIC 

® aero 

12 

5 

RESIDUAL 

An 
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FIGURE 


LABEL 

SYMBOL OR EQUATION 

13 

6 

ROLL MOMENT 


AL 

14 

7 

DYNAMIC PRESSURE 


Q 

14 

7 

MACH NO. 



15 

8 

PITCH FIN 


5 P 

15 

8 

YAW FIN 



15 

8 

ROLL FIN 



16 

9 

PITCH RATE 


6 

16 

9 

YAH RATE 


* 

16 

9 

ROLL RATE 


4> 

- 

10 

PITCH ACCELERATION (if input) 

«• 

e 

- 

10 

YAH ACCELERATION 

(if input) 

• # 
* 

- 

10 

ROLL ACCELERATION 

(if input) 

• • 

<t> 

17 

11 

ANGLE OF SIDESLIP 


£ 

18 

12 

ANGLE OF ATTACK 


a 
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Figure 1 
Sign Convention 
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Figure 2 

Trajectory Geometry 
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Figure 3 

Flow Chart of STAGE! Program 
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Flow Chart of STAGE! Program 
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Figure 3 (continued) 

Flow Chart of STAGE1 Program 
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Figure 3 (continued) 

Flow Chart of STA6E1 Program 
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Figure 5 

Sample Problem Input 
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Figure 5 (continued) 

Sample Problem Input 

MACH NUMBERS AND XCP UERSUS MACH AND DVNAMIC PRESSURE 


OBfflNALP**® 


1 ft Ift 


• 

• 

• 

• 

10 

10 

Cl 

o 

00 

10 

«4 

10 

® 

(0 

(0 

(0 

00 

* 

o 

(0 

r* 

ft* 

10 

o 

* 


IU 

ID 

o 

© 

© 

© 

01 

00 

0* 

10 


▼ 


W4 


(o 

• 

*4 

• 

i 

1 

• 

(0 

<0 

(0 

(0 

O 

© 

® 

o 

* 

n 

n 


n 

u> 

Ui 

Ui 





• 

• 

ft 

ft 

• 

• 

• 

• 


4 

▼ 

O' 













00 

r- 

© 

▼ 














in 

• 

10 

• 

▼ 

• 

• 

• • 

* • 

• • • 

o 

o 

o 

o 

10 

® 

<5> 

® 

© 

© 

10 

© 

«• iq ou> n n r> 9 

(0 

o 

10 

O 

t* 

AI 

9 

Ui 

© 

(0 

V© 

10 

O<UGH»r w ('‘<0U> 

• 

• 

• 

ft 

• 

• 

ft 

» 

• 


• 

* 

NTionionwn 


H 

0 J 

10 



0 ) 

ro 



ftf 

0 J 


> 

H 


10 © ♦ • • 

CftU) 0 © 0 » 0 ) 00 ©®® 

• *OQlOOO( s »r»<010 
nr*v©ro©n©(n 


OO 

0)©©0)©©©©©m 
• *o>< 0 ooc r M 0 onr* 
(UditifiTiotton 


cn 

10 

© 

00 


00 

cn 

© 

0) 

© 10 

(0 

(0 

(0 (0 

cn 

© 

© 

© 


cn 

10 

V* 

cn 

© (U X 

© 

© 

© © 

'T 

10 

ai 



0) 

01 

n 

CO 

ft ft u 

1 


t i 

© 

© 

© 

® 


cn 

▼ 

01 


^ 10 J 

UI 

UI 

Ui Ui 

• 

• 

• 

ft 


• 

• 

• 

• 

’T ▼ U. 

03 

00 

cn cn 










00 00 



10 0) 





X 





o 

10 

10 

n- oi 





UI 





H 

• 

ft 

• • 





E 













X 





UI 




© 

10 

© 

© <5 © 

© 

© 

© 

© © 3 

© 

© 

© 00 

▼ 

0) 

0) 

IDh(D 

*4 

00 

© 

0) © Q 

▼ 

© 

© (0 


(0 


+ « 

(0 


o 

H 


h ^ n 


x 

o 

X 

E 


•0 


H 

X 

UJ 

E 

X 

O 


^ 01 V 


O 

0000 ( 00000000)10 
• ‘MI)t(UnO®N 
*-»©©©©©©©T 


O 

U)( 0 ( T )< T )r-oonjo)( T ) 
• * 100001 ( 0^^0001 
^( 010 ( 010(0101010 


H 

0) 

10 

© 

0) 


00 

© 

©4 

to 

(0 

(0 


10 

ftj 

(0 

(0 

(0 

(0 

Z 

0) 

01 

(0 

01 

Ui 

01 

01 

(0 

r- 

(0 

3 

O 

01 

<1 

Q 

® 

© 

© 

UI 

m 

10 

01 

ft-i 

3 


(0 

00 

10 

00 


• 

ft 

(0 

1 

1 

1 

1 

*4 

© 

a 

© 

© 

a 

cn 

T 

ai 


© 

UI 


10 

*4 

Ui 

Ui 

ui 

Ui 

o 

• 

• 

ft 

• 



• 

# 

• 

• 

o: 

T 


E 

n 

(0 


▼ 

¥4 











3 

00 

00 


ru 

00 

10 

00 

u. 





z 






(0 



H 

10 

10 

T 

n 

u 





UJ 






(0 



(0 

• 

ft 

• 

• 

UI 





»■* 






Ui 



3 





o 





o 






Ct 



QC 





o 

© 

© 

© 

© 

1-4 

© 

© 

© 

© 

© 

CL 


o 

I 


o 

© 

© 


ru 

0) 

(0 

10 

u» 


© 

10 

i0 

a 


(0 


H 

0J 

0) 

(0 

10 


ftj 

o 

a: 

h- 

X 

o 

a 


* • u. 
^ m u 
o 
o 

H 

u. 


*-«*-♦ flj LD 


U. 

O 

a 

ui 

H 

X 

Ui 


ai o *-« n 
ui 
o 
X 
Q 


© 

© 

• 

« 

• 

« 

• 

• 

• 

• 


© 

© 

01 

01 

_) 

© 

n 

© 

© 

© 


*r 

© 

n 

n 

cn 

© 


T 

© 

o 

© 

ft-4 


▼ 


© 

© 

© 

© 

T 

« 

• 

in 

(U 

ai 

© 

© 

© 

00 


QC 

r> 

© 

cn 


X 

© 

n- 


0- 

01 


^4 

© 

© 

© 

© 

© 

© 

© 

© 

UJ 

© 

© 

© 

© 

N-4 



n 

ft-4 

© 


O O © (0 © '0 

'SI o o o o o o 

• * OL \ \ I \ 

O V Ui UJ UJ UJ UJ 

t t <r ^ (A Tin 

OO CO *-< O 00 *-• 

in in t t 


10 O O * • * • * • • *OJOOOO 
•^oruofurnotnooir-inooono 
• *( 0 oon( 0 r-»-ro)aj • • • • 

O^( 0 ( 0 ( 0 ( 0 (D(Ol 0 r 0 o n 


o o 10 o T 

a> n a i si ~ 


o o o o 
o ai m o 


10 0 
•> fU 


ru t © ~ 


o 

o 




- 52 ~ 



ORIG'NAL PAG2 13 
OF POOR QUALITY 




© 

© 

© 


© 

© 

© 


© 

© 

© 

© 



© 


in 





0 > 

ft) 

cn 

© 

© 



© 

© 

© 


© 

© 

© 


r- 

in 

© 

© 



© 


▼ 





in 

© 

00 

© 

© 



♦ 

• 

• 


• 

• 

• 


ft) 

© 


© 



© 


© 




• 


in 

in 

© 

© 



© 

CU 

ft) 


m 

in 

in 


cu 


in 

*4 





© 




O 

© 

© 

n 

ft) 

ft) 



** 

r- 

CD 


07 

cn 

oo 


♦ 

• 

• 

• 



• 


• 


-♦> 


z 

• 

• 

• 

• 

• 







i 










1 







—4 



© 

in 








1 

| 














X 




44 

^4 













a 










o 




1 

1 













ui 



• 







<L 


















z 



O 


O 





X 








© 

© 

© 


© 

© 

o 


© 

© 

© 3 

© 


z 

© 

Ui 

© 





© 

© 

© 

© 

© 



• 

• 

• 


• 

• 

• 


00 

in 

oo <n 

© 




X 

© 


X 


• 

© 

00 

© 

00 

in 



© 

in 

in 


© 

© 

© 


• 

• 

• z 

• 


X 

• 

3 

• 


o 


in 

• 

« 

• 

« 

• 



ft) 

in 

CO 


44 

n 

0 ) 




cu o 

in 


o 

4*4 

in 

in 


© 


3 

44 

44 

n 


H 






z 







o 

r- 


c 


z 

r* 


z 













o 










z 


o 





H 











*4 







H 





o 



• 


Z 







a 




H 







X 



• 





in 


Ul 











a 







o 



u> 


H 



3 


z 







U) 




o 







1-4 



3 


X 





z 







z 

© 

© 

© 

CL 

© 

© 

© 


© 

© 

© © Ul 

© 



© © 

o 

© 


in 


o 

in 

cu 

cn 

n © 

© 


H 

© 

© 

© 


© 

© 

© 

<r 

© 

© 

in © 3 

© 


© 

ft) © M 



<E 


4-4 

r- 

in 

0 ) 

© © 

© 


•J 

• 

• 

• 

tt 

• 

• 

• 

X 

00 

© 

© <n 

00 


fr- 

©4 © Ui 

© 


4-4 



© 

cu 

44 

n © 

© 


z 

* 

0 J 


« 

07 


07 

0 . 

cu 

W 

V ID b~ 

© 


Ul 

© -* 3 

© 


00 


© 

o> 

CO 


cu V 

00 


o 


in 

0 ) 

Ui 

44 

(U 

0 ) 

u 

* 

• 

• ♦ z 

• 


00 

• • 


• 




in 

• 

• 

♦ 

4 • 

• 


z 




z 

1 



<1 



Ui 




1 1 

H 



H 


1-4 




in 

© 


1 




•H 


1 

1 




o 



o 


Z 



X 


X 




0 C 44 

44 


* 








o 



oc 



QC 


Ui 



Ui 






Ui 1 

1 


o 




1 




a 



Ui 



Ui 


<J 



o 


z 




© 



a 




z 




Ui 



(L 



N 


or 



1-4 


1-4 




z 



t- 

© 

© 

© 

o 

in 

© 

© 

N 

© 

in 

© © 

© 



© © Ul 

© 


u 


u 

in 

© 

© 

© 3 © 

© 



• 

• 

• 

z 

• 

• 

• 


r* 

cu 

v © in 

© 


1 - 

too. 

© 


u 



r* 

in 

in 

© z ^ 

44 


<1 

Ift 

in 

© 




© 


• 

• 

• • 3 

♦ 


« 

* ♦ 


• 


Ui 


o 

* 

• 

• 

• • 

• 





00 

¥ 


ft) 

in 

« 


44 

(UIAW 

© 



4-1 m in 

© 


o 


l- 


v4 

ru 

in x 

44 


U 




o 







VC 

in 




3 

in 


o 






a 


^ 3 

ai a. 

o 




© 




H 



Ui 



Z 


in 





Ui 




<r 


3 C 





h 




Z 



3 



l*J 


K 



K 


3 




z 


c ►— 

111 




H 




Ui 






H 


UJ 



Z 


o 






•*— 

4-> £ 

J 




© 




1-4 



1 - 



u 


3 



Ui 






• 


C 01 

o 








o 



Ui 



►4 





z 






in 


O r- 

z 

© 

© 

© 

u 

© 

© 

© 

►4 

© 

© 

© © in 

© 


u 

© © H 

44 


o 

© z 

r- 

© 

m 

ID 3 © 

© 

U -O 


© 

© 

© 

o 

in 

© 

© 

Ll 

© 

© 

© © u 

00 


u 

© © Ul 

C3 


E © Id 

ru 

CU 


© © 

© 

w 


* 

• 

• 



• 

• 

U 

© 

© 

r- n u 

<0 


ui 

© © in 

© 



© *-« 

4 

00 

in 

in ui © 

© 

LO O. 

-J 

© 

© 

ft) 

Ui 

a) 

cn 

© 

UI 

n 

44 

n in o 

© 


o 

© ** u 

© 


J © G 

00 

0 > 


CU 3 a> 

CO 




n 

a 

~) 

i 

0 ) 

00 

O 

• 

♦ 

• • 

• 


o 

♦ • 

U 

♦ 


pJ 

♦ 

►4 

• 

• 

# 

* w * 

• 

01 01 
t #— 

K 




o 


i 

*4 

o 



o 




© i 

o 



O © U. 




H V 

© 

3 Q- 

o 




z 



l 




o 



H 





CL 


u 




<r ^ 

44 

O* E 

H 




« 




t- 






Z 


o 





UJ 




3 1 

1 

<TJ 









Z 



Ul 



u 


o 



O 


o 




*4 


Lu (/) 

0 ) 




in 




u 



z 



z 





4*4 


o 




CL 



3 

© 

© 

© 

3 

© 

© 

© 

z 

© 

© 

© © <L 

© 


o 

© © Ui 

© 


z © 


© 

© 

in 

© Ui © 

© 


u> 

♦ 

• 

• 

10 

• 

• 

• 

o 

in 

© 

© © -J 

© 


z 

© cu z 

© 


<r © h 


cu 

cu 

m q ru 

© 


(T 

© 

© 

© 

a: 

in 

in 

© 

z 

* 

« 

♦ • Q. 

• 



♦ • 

<x 

• 


z 

• 

z 

• 

« 

♦ 

* » 

* 


Ui 

*4 

m 

r* 

Ui 


-1-4 

▼ 




ft) ** 

in 


o 

4-4 n u 

in 


> ID UJ 



cu 

^ C3 



3 




3 




X 



X 

cu 


z 


CL 

cu 


a 


z 




Z 











o 



o 



#-4 





o 


o 




>4 



0 ) 




0 . 




f- 



l- 



3 


3 



K 


z 




a 



z 




o 




H4 



►4 



X 


<T 



Ui 






z 



u 




X 




CL 



X 



> 


> 



<x 


u 




<i 
























z 




a 



c 

© 

© 

© © <r 

© 

© 

© 

1 

© 

© 

© © 1 

© © 

1 

© © 

1 

© 

© 

1 

© 

.*4 

© 

D 

oo 

in © 

© 


t- 

© 

© 

© © H 

© 

© 

© 


© 

n 

© 00 

at © 


© OJ 


f* 7 © 


© -j 

in 

in 

4-» 

j © 

© 


•J 

* 

• 

• • 

J 

• 

• 

• 

o 

© 

cu 

oo ru a 

in n o 

© 0)0 

© 

44 

O © -J 

T 

»4 


H J® 

© 


iii 

© 

0 J 

© in ui 

© 

’T 

OJ 

z 

P7 

4-4 

cu in a 

© ** 

4— 

© © o 

©©«-!© © 


© 

in 

non 

in 


a 


0 J 

oo oo a 


03 

r- 

o 

• 

« 

, • n 

» 

* 

o 

• • 

> 

• 

• 

o 

• 

CL 

* 

* 

• 

. ct • 

* 








1 

^4 








© 1 





© 



4-4 


© 









1 


















*4 

1 

4-* 

1 


0 ) 

© 

© 

© © V 

© 

© 

© 

© 

osuiOGos-rooo 

© 

© 

o © © 

© 

© 

© © © 

© 


aj 

♦ 

• 

• ♦ 

cu 

* 

• 

• 

n 

© U) r- nj ^ 

© 

Q 

^4 

© in 


© © 


Q 

r> 

c 


© 

in ru © 0 ) 



© 

in 

U> G 


© 

*r 

in 


• 

• 

• • 

• 

• 


• 4 


♦ 

- 


* 


• 

» 

* 

• • 

• 




nj 

© 0 > 




r» 


© 


-4 m 

© 

© 


© ru 


© 



© 


© 


rj 

n C 



g o 


53 


11.4000 2.50 - 8.7500 3.00 - 7.1000 3.50 - 6.0900 

- 5.4600 



ORIGINAL r. 

OF POOR QUALITY 


oonnjfu^covru 

OOU)T( 0 OMA( 1 >^ 

u>oonjn(ur'(uaj 
- a a ® (u oj 


^ 0 >f-OMDCU«® 

inru^-tor-t^in© 

inruoooout®o>n 

naMunovHnj 

® » co ® cu ru 


cur-co^oi-if^® 

® to o> © © © ro 
«CKUU»T 

> n a o t tu 

CU CU — 


(A 

s. 

a> 

+j 

g 

<o 

u 

Q_ 


0 
to 

3 

01 
O 

s- 

a. 

■o c 
ai 
3 

C irt 

1 - c 

4J O 

c **■* 
o ^ 
a o- 
^ o 

LT> I 

a +-> 

i- 3 
3 CL 
3 C 


E 

<u 

0 

s- 

01 

a; 

CL 

E 

to 


<1 

3 

O 

2 


W 

H 

2 

Ui 

E 

O 

£ 

fH ui 

o 

<r 

K 

in 


a 

uj 

h-» 

1 
in 

<r 

UJ 

2 

© 

i 

\ 


cncncncn^cncncu 


©CnOOi^CncncU 


UJ 

£ 

(ntncncnvOCncu*-* 

rO^CD^-nCD^rOK 


4 H©^^(n<T *(0 
»-• CU ^ ID CD 00 


ninncur^Tino) id 
roonoocncoior* co 
aiocucnooncD^ n 
njoinwo^co^r © 
cu © <n © <u © U 


0 )Oi(JiOiOOH 7 iO O) 

oo 


® h v a T T (0 H®HTO)TT(fl . 

^ cu in co n- oo ^ cu in co oo in 

3 

H 
2 
UJ 
£ 


n ^ c^ in 

© co in cu 
oo ^ v oo 
co oo o ^ 


o> m o> cn 

(0 H 


(U CU CU DVCD^fUf^0)O2 

cu in oo TttaiWTTto 

in n © oo S n cu n © id *-* 

o> cn v n- ▼ © ▼ in cn j 

0) cu cu cu cu ^ <r 

in 


u 

E 


UJ 

E 


in 

3 

h 

2 

UJ 

E 

2 

O 

1-4 

<E 

in 


cn cn o 


oo O) cd r- cu cu cn 
«-4 ro in cn n- oo 


00 Oi CD c^ 

▼I n in 


n in in m 
oo © co o> 
ui ^ oo in oo 
E T 00 CD 
h T ® O) 0 > 

^ H H 


in cn 
oz 

OllH 


cn 

3 0) Ui 

n h h 
• • • • 

cn cn cd © 

3 4-4 cn 

QZ 

2 

f- 


r- oo ^ cu 
© cu n 
in © in cu 
in cu r- r* 
4-4 cu v 


Ui 0 > 0 > o 

4-i n cd 4 ^ 


oo 

CD 

uj r- 
E in 
*-h n 

H 4-1 


cn 

3 


cn 


cu cn oo © 
in in cd oo 


cn 

3 

CL 

2 

H 


t © cn r- 

t Ol T 

r- * cd cn 
cu r- oo cu 
a> co oo 4 ^ 


U Ui Ui Ui 

(D *4 


• ♦ * cn 
cu cu cn 3 
cd r- oo 

o 

2 

2 

»-i 

<x 


o> cn cn 

00 4-4 CD 


o> O) o> cn 


oo cn 


co r- 
cn in 


cu cu 
cd n- 


cn h 
44 cn 
• z> 
n a 
oo 2 

h 


n co © cu 
4 H cn in 


^ oo co 
© © in uj 
n- cn 4-1 oz 
cn cd n- 

4-1 T H 


cn 0) cn uj 

h^hq. 

• * • o 
<n co © ct 
in cd co a. 


© in 
t oo in 
4^4 in cd 

00 CD 4 H 

cu cu (U 


4 H ( 7 ) O) 

n co h 


n 

Ui 4 H 

v in 
cd 


U Ui 


00 00 
oo r- 
cu ^ 

T ^ 


(n u 

n d) 


n cd 


© cu 
cn in 


cn oo 
in cd 


cn 2 

4 H O 

* H 
© -» 
oo a 


u. 

o 


H 

2 

O 


00 E 
-4 D • 
3 © 
O 

cn 2 
O 3 


© V 

© in 
r- t 
r* cu 
cn cn 


f-i cn 

o 

CL 


nj 
cn 
— » 
i 

cn 


> 

a 

o 

QZ 

UJ 

© 

Q 

•J 

O 


v © <n cn u 

(D © ^4 CD 4-1 


id «h »-• r^ 
r- in 4 M oj 

TH tOi 
oj m 4 -i cu 
4-4 nj cd 4 -i 


cn u u 

h Oi tD -i 


pJ 

© - 
3 © 
H 
O 
© 


t n nn 
© cn cu v 

H H O Ij) 

00 © CU 00 

cn oo oo © 


H 

• * * X 
m co n c? 

© © »-4 

r- in oo uj 

© © (U 3 

CU CO 4-4 


a 

ui 

H 

O 


h- 

cn 
3 

a 
2 
f- 

Ll 

© o © 
© © 
OK© 
0 2 © 

* UJ . 
© 2 © 

O 

Ql 

E 

O 

© o © 
© © 

• 3 • 
© © © 
© > © 
© © 
4-4 Q 4-4 

u 


cd r- © 
cu r> © 
cu cu © 
oo r- n 
cu cu cu 


u r- 
k cn 
CO OJ 

oo cn 


ru © 

00 4* 

cD 

rr 4-i 


oo a 
cu uj 
cu o: 
a 


v oi o# O) cd in t o o C" in CT' <n <n ^ 


o 

1-4 O 

a © 
u © 
Ql © 
© • 
© 


'T O 
© 


© ru r u ’T 
» ru 


« oo co r* 
t if. ^ r- 


©njruvoooocDP- 


© fU CU 4 f C 0 00 f D 
CU V L v ' -D 


© © 


- & - 



Figure 5 (continued) 

Sample Problem Input - Rocket Control and Mass Properties 

JET VANE EFFECTIVENESS PARAMETER VS. TIME 

7.00 6. 56.00 13. 100.00 13. 
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Figure 5 (continued) 

Sample Problem Input - Trajectory Parameters 
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Figure 5 (continued) 

Sample Problem Input - Angles of Attack and Sideslip 
44.00 1.4230 45.00 1.3150 46.00 1.3570 47.00 1.3800 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 
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Flqure 5 (continued) 

Sample Problem Input - Telemetered Data 
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r* pi -« n in r- o **• ro lt -/•-*(*) in t'-0i»* , ’ r )inf t O'-*r p >Lnr^c>'-«< , '''iinr^c’'>-'mint s *0>*-'f T iin 


oo c* «-• ru n t in oo c* © -* m v in •£ r- o © ~ ru m in ^ r- cc ~ — ru t ? .r r- oo a. © -« fn t in 
n n r <r <r v t v t t in ir. in in m in in in in <£ c <n <s> « ~s> 'S r- t- r- r- r- r* r'- r- « w co w ® 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

582 PITCH CONTROL SURFACE DEFLECTION US. TIME 


ORIGINAL PAGE 18 
OF POOR QUALITY 


®<U(nf w ^in»*©ci©©inc r )f p >oo« , «r*eo^wi T ioooj©ino>ooiDtuo*ooi^inin 
* «-« oo i in viovin^in^**inf r )<nioin<u tu«* ^^ruajojojcncu 


f'jfonnnnnnnnnnnp'jnnHwnHnnnnnHnnnnnnr'n 

©nj^ , <&oo©fu* k <0oo©nj*’<0oo©cj*‘u)oo©ru*'u>oo©(u*'ttoo©aj*’<x> 

^njnva)r-ooa®njn^incococn©^cu^in©r-oo©^(unvu)r-oocn 

HHf-iHHH^^ajajajajnjnjrutunnnnnnnnn 


^inT^ooQinooinooruot^in^on^r-njinr-in^T^nintuajocooooQ 

©r>innia30oi^inn}vtDf^®oo~«i>*cQa>m^ru>w"<{nr*ai(nn(nincbc^coiuin 


i o> ^ ^ ^ 03 <n <«“ v ^ in v ^ in n aj <o in oj ^ ^ *■* oj oj oj aj r> oj 

i 


("•nnnnnnnoconnnnnnoronnnnncofnnnnocifonnpi 

njcfe^ninn-tn^nint^cn^fninr-cn^nini^cn^cninn-cn^nint^oj^n 

i ajn^rinifioo0)©^(u^ina>r-oo®^fun^r»or-coa>®a3ro , Tin©coo> 
H^^H^HH^(unjnifua)fdnjajajnnnnnnnn 


n©o>*-»a]in©o>vi 1 oiniDOJO>vTOOtf>r-®iD<Dr'-©©v<Din^rr-(nr^0>oo 

©i^vo^in^^cn^ojoof^^oof^ocor^r-aiinco^rvo^i^nifliDO)^^ 


i oo^funoj^ininvvvinnin^ojininn^ cu ^^^ojrumainjru 
i 


r^rinnnnnnnnnnnnnnDDnnnnnnronnc^nnronnn 

in<noo®cu^‘inoo®nj , T^DCO®fUTU)oo®cuvcjooo®nj , TU)oo®rur'ooo® 


i ^D^inior-aiO^funinuor-oocn^ajn^inr-w^o^nTLDinr^oi 
^^^^^^^vHv^ojojrocuojfucuoirornr^cnnnrnrn 


T r Cft ^^^ccninaj-*Gr-ru < rnco(7iiDOO^ir r )^'mn©ooai^'rau)Oor^cn 

©ninoocDoocnnjrucDOGLnno^vinnjooro^^cor^^ooocorucur-c^inra 


i in to * v inLDvin , rinnin , Tn'TU)^r( , u oj ^njrucuajcun 

i 


r^nonnnnrnrjnrinnnnnnnnnnnnnnn^nnnr'rinn 

ooni/jr-a)^nu. r-cri-'nirr-cTi^nLnr-cn^nLnr-cTt^^irir^ji^niniv 

i* # ^njnir-or-ooc r )-^njf r )‘TLf>r-ooa)G^f r i’TLrMi)r-a o -* nj n it ic r- co 
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Figure 5 (continued) 

Sample Problem Input - Telemetered beta 

40.23 2.63 40.63 2.42 40.83 


OtoGffllAI. PAGE IS 

° F P00R Quality 


co<ookC)e-’P»*'<0®u)^u>oooo* , e«-tNP»u>i'»ou>o>*4~4Ln0>*’in<uooo>o>*’«4 

•4f(DWOOOOOi' 4 ^'OO(U6'MAi < i(OnniA0MDO9a)NMHMOSS9(US9 

(U (Oh ««niHHHH( 0 HHHHHHHHH(U(U(UW( 0 (U(Ufllnn 


©ruv®co©njv<£>oo©fu^'®co®(u^ , u>oo©fU'TUJoo®ro^®w©cu*-' j ro 

n)P>*’U>®coo>©^fu^ift<Of w oo®*«cunv©r-eo(7>©runvu>tDooo>©~ , ru> 
▼ ▼n’vv^r^tninu>u)U)inwui<o<ou)<ou)«»<i)mifir*P'e"P-r*r*e-p-«)cooooo 


u>©oownjfn<x>fuu)Tin , ro> , rcoT(U«>U)r-(7»t s -oo(00)0>^©cor > -©TO)©n)n s © 

»©t»eo*HCO«-«v©<i>c»©»«f , )!^r'*®(uo>u>u>cott>cooo(0®ni«-i©©©©tu©®® 

a y* i (y^^^^cu^^^^.^^^^,^tufuninjnicutunir)n® 


(’iPif'i’ii’jnociwmnnf'inrtnnnnfinDfinnwnnowflnnnow® 

« 4 (u^ru>u>r^oo®H 4 (unTU>t v ooo)®(or)'ru>u)ooo>®Hi(u^-u)U)e-oo®Hi(n^'® 

TVTT'T^-^‘iniflu>u>u>u>ininu>tD(flU>u)<ou>u><Di^r^r^r-r-t^e-f'-co»cocoo> 


n®o>Hio>^r^n'0>Hir)r-co©(»wO)U)^^'©®co®a©o>»-i©u)©fu©^-co^u» 

eot^ruo>®r- 0 )fnaiu>oot w Hi®n.co^r , -c»^o>t^r-cooor*w(utu®®®«Hi(»©(» 

fl) H (U ^4 H o4 H«4r1*4t4r1^4ti»4HHi4HHHi4f\)f\)n)(y(y(\Jf(Jf\J(*)iy 


nnnnnnnnnnnrinnnnnnpinrinronnnnnTinpinnnnnoi 

^•u)oo©fti^ , ©MO(UT®co©(u^U)w©nj^'tf>oo®fu^‘©co®n)'r©co©^-®co 

Hi(ur)m©r^coo) — ajnvu>t-ooo»®HtroTru>vor-a>©-H(ucnu)U)'-ao>^e) < «ru) 
^•♦▼^^•▼'n , TUiu>u>iniftu>inu)®^o©®®u5«)^o(^r w r-t , 'r“r-r^r‘e-oo«oo» 


©ino>^Uicuo>©»'®tfiT^®o>oou>®oooo«ruocr^vo®f r t-*'^(xoo«(na>©fnift» 

u) , T©-<®-*coo»u>(X>cri©nif»o>r-oofn©T®OiU)Cou)0»t s -oofu«-.©®o®«HO>®o> 

(U (U fU (U ^ -4 y> y> HHHOlHHHHHHHHHtUnjftirOtUnHUNOW 


nnfnnrnnmromcnnrjtnnnmnnnnnrnrir. n"ti' r )r l r)rir r ir r imrinnn 
j»^r r >i/)r v o>»ir r )iX)r'-P)-«r p )U)r w O>»-<nu)( s -o>»-ir r »Lf'r v O)»-'f r >Lr'r s -c t '^>nu‘ir^Hi( T )U) 


0)^njn'ru^r^coO)C-tf'Tinu3( s -t7)©HiajnLr)^r-i»c7i — i‘unTu , ir>-coo>©n'9‘Ln 
n <r -t <r v t ’t «r t if; u*. it in in in in u> a> r ,o uj ud <d <j? r x <£ r» t~ r- r- ("- r- r- to to oo co 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 


ORIGINAL PAGE t& 
OF POOR QUALITY 


n» in oa © n 

® H ^ ® ft) ® 


u>r»0>*-nj<0C»*‘*><0<0f')r»u>®i/>*’O>rueuco«4(u<i)«4(u 


I 


©cuv<flOO©ru^<0oo©n]vu>oo©cuvtfCQ©njvioco©aiv<Dco©ai^r 


*-» OJ 


n , *<ot^coo>©cun , TU>U)coo>®^u^rtf><Dr-co©<-*funv<fir-oo 

HHHHHrir,Hftift)ft)ft)ft)ft)ft)ftjnnnnnnnn 


^mu>n(ur-n^nu>^T^®i^©n(Uii^co^^cunT^air^^uuo®n 


III III! I lilt 


^Dnnnnnnnmmrommnmmnnnmnfnmnnnnnmmnn 


i <un^u>tooQO>®^<U'Ti/>tor-oo®«-»<un^ru)r^ooo)©ajnvi 1 nu)oo 
HHHHHHf4wn)waja)(uajftjajajP)r)nnnfnn 


iD^iniD^flfuoi^conruconcDai^nnoif^ooto^^r-^n^HCioomfuaj 


i i ii i ii iii iii 


us 

i-Hr^roHnnrorcnnnnnnDConnnnnnnnnnnnnnnnnn 

Htf><ooo®cu^<flOO©ru , Tccco©cuv<r>oo®fu^ttco®ru^rtf>co®njTtf>oo 

♦ i ^m^muf^o>®*H(unina>r w coo>*"«ajn'r oocDc^nTLfvujr- 

(j) .rucummmmnmm 

3 

ui 

K 

X 

DdTajtHirMxifu^r-oncrifuajoiDajainooTniudKCTcch^ainaioo^ 

3 • * • • * 

<X l It l II ill ill 

> 


infUi N -r r )nnnnnncnnr p inr r if r )r r if' , )rnrnfnfnnr p inmnnnnr*rnnn 
ooconiftr-Oi^nirir^O) — nirr-Oi^rou^r-c^^^^r-^-Hririr'CTi^nai 



i ^(ur r iintf>r s -coa>^njr r )'rinr^wa>©^n«TLr. vr:*-r>c~-rur. 

v pj ru oj n n m r. n n n 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

38.73 -.01 39.03 -.03 39.33 -.08 39.63 


ORIGINAL, PAGE IS 
OF POQR QUALITY 


^ ^ ^ ^ ^ ^ 0 0 0 H 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ^ 0 0 0 0 0 


I I I I I I I I I I III 


cnnnfonnnnnnnnnnnnnnnntnnnnnnnnnnnnnnPinnrj 

oo©n)vtf>oo©nj* , <oco®nj* , i0OO©cuTtoco©(uvtfco®njvu)oo©cu*-tf>co©cu 

®<unTUMOW©®-«fU* , U)<of“»©^(un^r<c^-co<j>©(un*-u>(ficoa>®»*ruTU> 

^▼▼^▼▼▼vu>U)U)WU)inu>u^«)UMO«>«)tfi«)vou5r^r*r^r-n-f^^r^oooo««oo 


u>tuno>njcotf>nvcoo>*-4futui^®-*vo>fu^r»«(unru©f'>r'-ui©-«vnu>ft]*’<u*‘® 

00®OOO®9* 4 (O®900OS®SOO0O00S0000000n000000 


I 1 I I I I II II I II I I I © 


monnnnnmnnnnnnnf'imnomoonfinnnnnnnpimnf'ii’Jwo® 

o^ru'ru)(or-oo®-rtrunT(i»r-ooo)©mn'<ru)U5coo>©-Hru'TUMor-coo^njn'T© 

«T^ - ^^ , vTvvu)inLninu>tf>U)inu)U)<X)(Btou)ii)U)U)>>r-r^r*t s -r^c^i^cocococoooo) 


▼ ▼oov^®nu>( T )®cor^co©©»-»TOOfuairuf , )if»nu)T^t^vfn(un , ^oo^i/)or , )c» 

®0®0®’ < ' i i* < ® H,, '®®^®®®®®®®9®®®®®®®®®0vt09®®®® 


I I I I l I I I I l I I I I till III 


DnDnnnnnnnnnnr'ironnnnnnfOfinfonnnnnr'/nDnnjnnnn 

(u^‘<Doo®n]v<Dco®ru*‘tooo©OJ , rtDoo©fu^’<floo©ruvu>oo©ru'r<Doo®ojvtf)co 


©»<njnin©r^coc7>^fUfnTU)r-co(7>®THnTiftcor^C7>©'i-«njninti)r-oocii^nj( T )TUi 

T'r^-^-^’rvvvLnu>LniniX)U>ininu)tO(i)tficotou)U)r-r > -r^r->r-r^r-r-oooo»co«» 


f T )i/)(on-'(OU)T'Tfu^n^'r-.©r“ru'<r’T«a)U)*-«Taj-.Lf)-.r r i©^©<s»-LfiT-«oc 

©®©©®©©®©nj^^©©-®©®®©®®®©©©®©©®®©^^©©©©© 


t i i i i i i i i i ii it 


nnnnmnnnnmfnnmrimnrjnrjcnmnmnrrnnnr:^ nn^nnnnnn 
ai^nu-ir“0)-«ninr-05 — nirir-o-^ni.nr-oj^nLnr'-oi-.nL'ir-r^^ni^t^oi — nu^ 


ai^ojn'rLfir-cciO>©'>->n'rLf)i£r-ai©-Hajnaiy:r-ccc’-«i'i:riTir. r'00C7i©*^i T ''^i/) 
n v t ▼ *r t t v *r Lf> lt> a> in in in in in <s> id id <d id o tc -d >s> r- r- r- r- r- r» r- r- oo cc a co co 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

582 YAU CONTROL SURFACE DEFLECTION US. TIME 


ORIGINAL PAGE It 
OP POOR QUALITY 


uMsaieaxuvuioinHutesncoa^iAUMDQi^HMnaniurHtAflHu 

wwoo*-r*nMUO>^»«in<u»(u»«-«®OM»M^©<ur'-Gjoo®onr<£>iu«>’*r. 

i i i w ** *■* rn ▼ « to ▼ ums eo r- r- r- r- in in in ▼ n m <u 


pinoi'ifiPini'irii'ii'inf'iDDi’M'innnpifirtnncit'Kinnnnn 

^(urioco^fu^tDOOoni^toooofu^uioo^ru^uJoooniTuioooruT 


-*(unv«)r-ooo®ojr , )'>ru)<iJcoo)©^(u , Tinujr>oo©’^(ur i i'Tuir-» 

HHr*HrtHHHnj(\j(U(ufi]futu(\jni , inf , innnn 


n 

<0 


0> 

n 


innr'-^pj^oo(ue)«>no>«i<n®u)^cou»^noou)Tn®^^-u)©TcU'r<v 
ii ii^ ^ nTPinTiflttuxRttNMouittifttTnndS 


r.nnmmpjnnntncnnnnnnncnnnnnnnnnnnnnnr'jnn 

nio>*«< , )inr w o>» _ *( y )m^*o>» - 'r')in(^o>*«r , )mr w o>* , «ciini N '0>»*c , )inr^oi.-ic , i 

i nimTi/>u)oocA®^(u^u>u>r s >oo®^(U( T )Tuir>oooi®nj(n'TU)<fioacA 
HH^niHWHHiunKUAinMunKOAjnnnnpinnn 


o»o>©T^Nift©©(uo>'^^ruco®(u^TO>®(^u)nr-t s -®o>oovP“njr-oo 

©▼nioonv©®(u©©®^(OU>noon®*«^rr-03^©r.(N-(nu)®r^r>(n® 


c^( T )( T )l T )( T l( T )C T ^f ^ l( T )( T )^^^ ^ )^ r )c T )f^f ^ )t T lf r )r , )^t T )^r , )^ ^ )^^■J( T )f ^ )f T Jr , ^^ r )f ^ l( T )^^ 

u)vooo®njT©oo®cu^’U>oo®run’©co©cu^U)oo®ru^®oo®ru7U)oo® 

i »<< T )^'U)©r~o»®»-'Cur , )u)©r-coo)^cuD’rinr“Ooaj®^nvin©r^o» 
HrtHrtr*r.^nw(uojni<unjfuniwmn(np)n(»i(no 


r^nc T )r-inu> ,, rf T i^-<r)ooO)®«u)njruT^rr»c\jyjai® — cuo»ir-.ooc7>®». 
f^c s -®o>®©u>^^^®^(fiTw©©n'Tin®nu‘joo^oo©(ucumr-ooinn 

i i i i .*.H.- , cu»-««-»vr r >n*'U)inu , )cor s ‘r'-u)r'-u)u>i/>iniA^-nn( T ) 


NfnnnnnnDnnnnnnnmnnnnrinnnnmnnmrinnnr) 

00 n in r- o> n in r- Pi *-• n i/> -« n in o> -* n ir> r'- o — * n u) r- 0 j .-t n m r* 

1 Hftjpu/ttDMacfi-'njnTi/'/NcooS'HnT^cr'-ac-ifcnu'aMa 

«■< — • «■< i* «-» «■* nj fu fu fc oj re rj i*j n n n ^ c r i m m n 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

39.93 2.81 48.23 2.66 48.53 2.35 48.83 8.25 


- ' .-rvHo 

ORIGINAL ‘PA<2£ ^ 

0F poor quality 


UMDOkna>*'''*''ro(''OouH8v««<0<0^a>iACft<fM0CAvoo(UQo>T<ur' u>n u) m 

©▼ooN«-«»-'^'®fu®^DO»cor , -u)p , )m^*fuv^r)tf)vu)covo)fuvajv^* u>«4 u> v 


ftj H I Illv4|ll|l|lllllll;lllll«**4.4ll|«4v4«4 

I I I I I I I 


nBnnnwnwwwnwwi'K'inwni'K'inonwi'inpK'iwwfli'iwnnBw 

®ni* , tDeo®(U* , <DW®cuv<Doo©nn , ®oo©cu*'<Dco©tuvu>oo©fu*"«)»©ni 

cun^u>u»»o>©^cun , uMor-oo©^fun^«>r'eoo>©fUf , )vu) » o> © **(u * u> 
▼ **-w* , vu>u>u>u>u>u>u>uu0ti>UMOtDtDUMD<DC'*r'*t'«p*r* n r- co coco oo co 


eT(PIA(UT^(UQPIV(D^'U)^WO^' 4 ^^C9TTIAO(UOOtT(fiOlAUIO)(00 

tOT©r-©^»Acui w (i>r*©r>'t w f y 'r)tunf , )u>»A(VMDvi/>oou)coruvc*)u)(uv©^u>® 

I I | I ."4 I ^ I | | | I I I I I I I I I I | I.-4.H.HI | | <H H H Q 

II I I I I I I 


wnwwonJwwnr'irtWf’Jrtr'iMWMrtwnwwonMDWDWMDf’jDr'injc*)® 

*«njvui®r-»®^n)r , )^ , ®r>»o>®rur*)vu)®»®®^fuvu)®r*w©^n)nv® 
▼ ▼▼▼▼▼▼uni>u>i/nAU>u>u>u>UMOU>t0<D«MD(Dr^r>r^r*t^r^r-N»eoco»«M» 


rM0*’*njOHAvn^ft)nr'H»cn®nnj<0^u>(0®('-r-<ou>co(uu>n)«4®(uift®oott 

n®vr*v©^i s *u)njr w t s *( s *®U)ruviii*^uivn»u)vu»c s *®u)^nr , )®cu( , )®'TU»^ 


(U H H I I I H ^ | I I | I | I I I I I I I I I I | | | | | | 

II III III 


nnnfinpinnnnnpinnnnini'indnonnnnnnnnnnf'innnDn 

* > <0oo®(u*‘<0oo®ru7u)oo®(u*‘<0oo®ru'ru)oo®(u^ , (cco®(un > tf>a>®ni'r<0oo 

«4(umu>®t*®®'- , nim^ , ’iAt s >n®®<HC , )^ > u>®r > >o>®«4runi/)®Nmok^(un^iA 

«T’r*-*’^rv* , * , iAiou>u>u>L*u>in®<0®®®®®<x>f*r v f»t'*r s >t^r*r»i'-oo®»coco 


*Ar-uiiUT©( T )Wfu®i , u»<fuin»©®©©®inr-®fufno)oo — oi«^‘cijoj©r-f*-<r- 
fu«vo9©T©(nr-iACM/)ruoo(n-«T(u©U)n^r’ru)U)tiit'-TO)nT©r)njp*(u®ru 

(ij H W I Illtl«4|lllllllllllllll«4«4v4|l|v4*4*4 

I I I I I I I 


nnnrnnnnnnnnr'nnncnnntnnnn^nnnfnnnnmnnruncnnn 
^«nu)t v o>^niAi s -0)»-*^ , ‘*inr-0)'-«nint v -0)^( T iu'. r-i7i-^r>Tu>r-a)-^ntftr-o>»«niA 


.*ruo ,, i^ , u>r*cao»©«-*< T >'!‘U'><or^o>®<-«cunLr'<£f'K!7> — for. TLiNMOio^ntui 
v v ^ v «r "v is* ir> u - - ip ir> in u> u: tr> <£ <o to to <r <r c f- r^- r- r- r- r- r- r- co oo co co co 
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srs» < * uAurv 




III III I I I I I I I I I III 


©<UTtDCO©<U*lOOO©lti^tfiOO©OITIO®©(U^lOOO©(U*lfiOO©aiVl 0 


~i<unT< 0 r^coai®<un*UM 0 OoakO«'ico*’U> 


(DM»»^(UP)TOIM»A 

fututuntnnnnrinrin 


^OHW^^^^fuoonoincur-nt^nuMn^cicnaic^UMttruftaiTorMo© 

r * r r * # • « i ii i i i i i i i r i r r i # r * 



^nwnnnnnnnnnnnnHHnfifiHnnnnnnnnnnnoD 

i njn , ru>io©oc&©*-«tu^u>iDf*oo©^fljn , <rQDc^ooo>©cun^rif><o<x> 0 > 
H^HHw^Hfiajajajaiwanuaiainnnnnnnn 


C I 

8 +> 


^m^aiot^ftir-^o^^^^roonfl^ajaioviocar^inoMnaHnoifUfuai 


m 


I 



IU 

e 

H 

Hf^nnHnnnconoconnnnnnnnnconnmnnnnnnofonf') 

inu3oo©fu^a)oo©ru^a)Oo©fu^iDwonj^tDoo©njvu5oo©nivcooo© 


! 


Q> i *-i<n^tft< 0 c^a>©«-<(ucnu><fir-<BOk* 4 ai(n^’Uir^oQ&Q~ 4 fi^uM&NO> 
^ HHHfSMHHHHnjajftjajruniajajnnnnnnnr) 

ui 

i- 

<x 

a: 

n ©cunincncn^n^inr^r^r-^v^tfluiiOQruoirjvrofuc^cQ^cucuaicfc© 

mm) •••*•••»•*♦•**•*•••♦•**•#•*•♦*♦*** 

O l II II l l I I I I I I I i I l 

a: 


lowh^nfnnnnnnnnnnnnnnnriroronnrjnnnnnnnnnr) 

oooocnior-cft^nLor-cTi^ni/if^o^nLnr-o^HLnr-c^nu-^r^ay^Hni^r^ 

in 

i *-»fljnintf>r-co^«-*fur r )vtnr s -ooo>©-*m«rifitfr-c*o — funiniDr-co 

ri^HHHHHHnjfL'funjrjrwrj^nnnHronnn 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

39.93 -.01 40.23 .01 40.53 -.07 40.83 


PAGE IS 
0F P00R QUALITY 


i* i i i i i i i t i i i i i i i i i i i i i i i i i i i 


nnnnonnnnwnnnnnwnnnnnnnnwnr'innnnrmn nw n 
©<u , r<DCO©(U^<Dtt>©ni^©co©w i ru>oo©ni'Ttooo©ru*‘toco®fun , u> oo® ni 

cunvu>©»®®^*fu^ru)©r*®©^cuf , >^’®c s -wo>®ninvu>©»©©^nj^ift 

^■•»w^-v^‘UiU)U)U)u>u>U)Ui©©©©©©®©©f^r*r-r*r*r>-r»r-a®®»» 


n)in®Tr^^v^r^u>'* 4 ©®©mn®©©r>rani®'r^(*)t*)©u>cu(ur te (UTU>^‘« 4 ® 

*4®®«*®®(U®~«'<*®ft)®(U®(U®®®®«*®®®®®®®®®®©®®®®®® 

• ■til i i i i i i i - i i i i i i i i i iii i i i i* i i © 


nwn( , ionf , )( , )( , >( , )( , )n( , )(' i )W( l, ii , u , )f | if , )H( , )n( , )wn( , )( , )onni , )on( , )i , )W® 

**cuvifttDt'-co©«*ninv<Dr'*eoo>©n)e>*’u>u>wo>©*«ru^u>(or»»©.*cun>*-© 

^^▼*’<r* , TU>u>u>u>u>u>u>»nuMiMDUM0«MXMO©NNt^r-r'-^t^r'-co»co<»coo> 


r>®n-<^^( , u^ , ni/>oo^^«-«r-^’-i^ww»r-^©^tu(o©©©©^ftjr)inv^© 

®*4©*4®« I «©©» , 4v'®*4 , '*fU®®®v4« ,4 ®®®®®**®®®®®®«*®®©®®® 


I I I I I I till I I I I I I I I I II || I | | I I 


vu)QO®(U^u>oo©(u^rt0OO®(UT<0OO®(U'r<0co®ru^u>c»®nj'r'£oo®ru*<ooo 

^(utnu>©r v «©^ni( r )^-U)N»®©»<nvift©t > “0>®-^(ur , )u)mr^»o)^njn^-U) 


©wo»inP“i/>u»©Lf>®ru©»<^®wnp*v©i/)^»-'r)^'^f»(ur^m©a>(uv(u^‘^tu 

®®®®®-<®®-<'-«®n-<^^^(u®®^©^^®®o®o®®^®®©©®®® 

i’ i* i* i i i i i i i i i i i i iiit tit i* i * i i* i i 


rii , innn( , ii , )nnnnnr)onnMOi , )nii , i( r ir , ii , )( , if , ii' , )n< r . cu’icmnnon 
^r f )inr*©*^niAf-o>'-'r r iir-r-0‘i^-tnu , it^C7>«nu'r-(?>-«r , 'i 1 rir'-0i-.ninr^o>»^f r i 


.Mfun^-ifir'-cooio-^fi'riftvor-a©** ninwifit^o. - fur''TU)r-oooi® — n <r 
*’rir'r'TV'rvtf‘ir>if>if, lt< ai ir> tri u> tx. c <£ c r r- r- f - r> r~ I s - co oo oo oo 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Oata 

582 ROLL CONTROL SURFACE DEFLECTION US. TIME 


ORIGINAL PAGE 18 
OF POOR QUALITY 


a»iu*<e»«Monu)c»©( , )r*»iu>oonr'i w oou>c»t , *o>o>n^o>tciATt s *Tn^^» 

n9Tnw9nn(0vion(om(OTCiionT(U(uno)v(u(unu)MjiMfu>tA 

* oj * * nj ni *4 «« *« tu cu tu cu ni n> mm ni m tu ni cu (u •* nj cu ru tu ro cu ni m m m tn 


®cuvtDOO©fu<ru>co®fuvu)Oo®ai*'tD»®nj* , ©oo®ru<r©M®(u<riDco 


*« to n ^ <o r* oo 


ototunvmtDnoto^nivuHD^ooo^tumTaiMKipio 

HHH^^HH^iuivninininiiyftiPinnnnnnnnT 


^ > oMoniu>moo(ur > r-oo(DU)^u>r w ^(^u)ooooT(o®r'(n®u)U)®r)ino)(Au> 

(UfU©i^<0®UM0f-HU>^«u>u)«)T^ , ^r , rc T >vcuu>o>^vtucuiftr-O)®'rTv 


tu «* <p4(u«4w«cu(unjn)n)(unin)(un)funi(ufu^funi(u(u(u(urur)mr)m 


(UO>»" < (*)U)i^O)«^r | )u>p*cJ>«^t , >u>p , ©*<c , )U)c s, o)«^nu)c^w»^DU)i w o>*<( , )u> 

i* (ur)TU>©ooo>®<-«(u^’U)©r t >oo©^(U( f )T(or^ooo>®(U(*)^-in©ooo>o 
Hrt^H<Hi4f4<4(u(U(UR)(uiu(U(0(unnnnnnnnT 


uw*)u>u>(*)u»o>^r*w^ino>(ov<o^(u^iftco®(u^n^a)®c»ruu»o>u)«)nj 

(ueunnaau)ma«4v®«u)(OTTmMUTmu)®puA^n)VMxio)wu) 

* ru J* * * «!« «« ^« m ru ru ru ru (u ru (u (u tu ru ru tu (u m ru nj m m nj ru m ru n n n 


r-nnnnnnnnnninnnpii'innpinnnonnnnni'icinnnnf 1 ) 

u>©eo®(u* , u>oo©nj**“iDco®fu^©»©fu*r<ooo®fuvu)oo©w^'U)oo©cu 

i wr)TUi©r*c»©'- , ftinu>u)r-MC7>^fun'Tinr'Ooo>®»Hn^‘U)©p-(»© 
rtHw^nHrt-wnjtuaininjWfUfUfnpimnrtnnf'iv 


v®cooooo(CWMT«Tr , )(\)Hn(fl(iin(UM , )^u)i/)©0)nTmoo«iTftNffi 

nj^f.^nHCJiHooTrti/nomiftTPicoriflnjTnHDfunjTUiMyKUTT 

* J* J* * * nj J< a) cu fu fu ru tu (\j tu tu (u cu ru ru ru tu fu tu ru cu ru ru nl ci tn ri 


r^nmmmmnmrjnronnronnnmnnnnnnnronnmnnrnnnn 
ooriu)r-o>^ni/)r-(7)^nLf>r^CT»- 4 nu>r-0)^ni/'r*c t '»->r. LT>r>o»»-<nu)h-c7> 

i* * ^ tu n u> © r- co o* fu n -r ir» r- oo o> © -* n ir> o r- c* c- *« i~u n in id r* oo o> 

« H ^ h « w nj nj nj rj rj rj ,-ij rj r m if) n m n n ci ft 
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Figure 5 (continued) 

Sample Problem Input - Telemetered Data 

41.43 3.46 41.73 3.47 43.03 


ORIGINAL PAGE IS 
OF POOR QUALITY 


v J, 


a>e'(n(uu>r'‘eu>ooo>«’OQ*4«- | *'<0( , )<n(*Hn<0(MA''r(7>tt(ut/>Qr)Toou)<D<u<uP> 

(n(n(uettoo(''OO(*)Qn-(ur , )«-<me)(U(Uf’)(ueQO>o0>0>o>ooG'-*''-<o><&Q®Q'-« 


(0e>nn(un)run)(u(u(un)tuai(u(u(u(u(u(u(u(u*4(u*«»"*'«-'(unin)'«fu(ururu(u 


nni’K’K’iwpinnofifflne’iPiHWWflHnnrirtr'W’iflPirtonnftnDn 

<UVtOCO©CU*'tOOO©(U^<eCO©(U'rU>tO©CU'rt0CO©fU^<flCO©<Un’<£>CO®G) 

mvu><oooo>©T«ru^ru>»or^w©."»fUfO4’<Dr'*coo>©(U<' r >vu>tf>»0>©**ruTU> 

^▼▼▼▼4 , u>ii)U>u>iMftU)U>«>©u>u)«)aMO©a)r-r'Nr^h-f*M^oow»»oo 


®wu>u>r-ni/>oo<o«>r-©nceiftU)©OMUift , ro>r*©r“ , T©4-©to©(U(u®M»© 

ro.-<®o>('»cooou>(U(u©'-*o>©(’>TT«4(u©©©(n0>a>(&0>©(u~«o>*4©©G>©© 

(nmn(u(u(u(uni(u(u(u0]^(u(u(u(uni(u(u(u(u<-*^«^^*«(ucuni^«(u(u(u^icu© 


oororofococonwonroocoporoocnonfOforoorofOwocoofowDroopjro© 

ruvu>©^oo©^run^r«r*»o>©cunvift©ooo>©^(UTu^u)r-»®^cu(n^‘© 

*’vv^rvTU>inu>u>u>u>u>u>uMO(DtDU><omu><ot^t'-t'-i^r s -r > -t'*Ntteococ9000> 


uxuo>t'-win< t >ot»coT<or w f , >^! s -*«o®(uo>®**u)0>®inv*«u>tD®n©oof w © 

lumHotMTiMiHUtunjmtu^iAnKnmniniaoooM^miDomoo^ooatoni 

(nnnn)fU(ua)runj(unjru(un)CU(U(UW(UOJ^futu*H^^^funj(u^futunj^tunj 


CH'innwnntonnnnnninnnnonDDnpionnnnnftnnn ntn cn 

U3CO®(UT<Z>00©fU^r<DeO©(U* , lDCO©rUTU>CO©fUn'tf>CO®fUV©W©fU^-tDCO 

(utnujcoi^oook^tucnvuji^oooo^nvinmt^ao^cufiuiujr-coo^ftjnvui 
^•▼▼▼▼'▼^•u)U)u>uiu^uiu»u)©<Bto©a)©io«>r^f**r*r s 'r-Nr-r-r*co» coco co 


©oo<o*’tf>-*futno>t s *ruru*«u>c'')<o©©tflu>o>u>ioo>r-®aT~ftj®nu)n<x)(uu>0> 

ifin<u^o>^wMX>nj(ucu^n«ift( , urn(u^-*©0)0)©®wo>ot-^®©®©®©©-« 


nncofofunjfufunjfunjrufucuturuwajcuruwtu^^ajni^ — ^fufucutuwfucuwtu 


nmnnmmnmmnmnfnnmmnnnfncnnmnrinnronmmfnnmnnnr' 
•^ninr-CTi^oinr-CT'-^Da.No* — niAr-o»^nu>r-D'*«i v 'Lr'r-Oi-«ni/»Nc»^c , )u» 

-(unttftr-MaoHin'rctfMjio-njnu'.iflr-ttia-rjn'nf.Mioao-ntift 
v * t v t t t i/' in in u> it u> in in u> ic id ^ -x •£ r* r- r- 1 - r- r- r- r- oo cc co oo co 
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ORIGINAL PAGE tt 
OF POOR QUALITY 
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ORIGINAL PAGE 13 
OF POOR QUALITY 



sr- 


0(9 


x - 


• •SSSs2552522S***^**®**’»SS!!iI3? 

• • •** 

' ' • •»•».! iii| 

• •••'••■•• ' ’ ’ v**‘ * • “ * --^^7777 

' * ' * 1 * • • •’ •* .‘ :::::: : ; ; ; ; ; ,• ,• ,;**** 


3 5 


S 

VO <U 

<u 3 

5- O 
3 W. 
0 ) 0 . 


ua 

c -» 

£►* 

* u. 


<f «l 

O I 




® At n w (Vi v a t a a i*i a a a •* v •. in «■ <. ^ ~ 

•»•••**« <nmivi*(afli«5S£5jS5;j?i 

‘ I w 



Zm *S«SS3!a52S^252S2St?*****^”****™***~*»v'**«»» 

tt 7 *»•• -«<•••*« i ??T??*777775&SS5SSn?SS??S55?25s5sS5S2 


« <vi * ~ S! 

illrtifl T 1 


!5ss555SS*5i5i555SiS5sj5S5=isssgj 


!$£££ »*«•••« 

v*t( 


Q. 

£ 

</> 


inanMu^aai 
naaaa vr 


• ~ r* aoa( 
lonmar* , 


t "(ihutuiiAAK M >« . •! > 
® ® ^ 9 9 t/ 1 f\! O Al V) 01 (A fH K HI MAfL A M 5 


<v * n> m o £ 2 


« 

> 

o 

£ 


09- 

t i 


* - ♦ 

r t h 
€ (*. 

t - 


* -> 
o J * 


o u. 


w C 
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* * * fc 

03 W • 

♦ 3 ► « 9- 

ji r* -i vi - u 

A - C - 
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*•. -• ** 

♦ 9- 

sJ I t " 
X -AUI » * 
•3 ►* O C |W 
- 3 ~ O ► » 
JOCCJh 

•U •>< Ui U 
© IP 3 WO - 

X ► > o 

v» - A « 

X O — O ► 
Jtntgt 

ac u# ui - 

mo w*»w 
**0 00*. /> 


**om<M(a(*i*oviiv«»«->«AO( 
orawatkTtioMiunM 
*«-^nio«a«a«(A<H c 
«wni-<4>«(0UMi»O(ar>^t/v. 







-* — oo •« * r» f ionn 

(« •-» t - u» *v — o r- * v 
♦ ♦ o <n * f i*r>u) 

(M * rtj >%J — 


- ^ o a ? 1 n ▼ 5 o S m ^ i i la ? fV T t i; <i! K £ ° 1 ,n 2? * •* £ ~ <* *■ -* *■» « « » * ^ 

— ~ Z •" * * “ ** * • — t»»« e» 0 » vO (% N ♦ (A m 

** * 4 7 ^ ^ - ' '•••■* 


oaautouiaipaiAatjv^iA^t/iaa 


•• *• <V (\) •’l (* ♦ ♦ tA ^ J) 


’*'***• *5 *** 5S55S5S52J , ;3!33!SJtS;5585X5;s 
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Figure 6 (continued) 
Sample Problem Output 

•MAC NO. 


V ' 


ORIGINAL 
OF POOR 


PAGE 18 
QUALITY 


^ j f f t * e « v e v t e ♦nmm( , iommoo(*immrtmnrtmwft' , Jrtrtortom(nmrtin(*inort 

m* • 

:E^S!;?:5S:5^3KSSTSSSS3lS8:«!(SSSS9?3*SS58SSg8SX8SS3SST 


I if wf Af 


> * r» * i‘>f'»r'-<j*('ir»*j*t/>r*'i*uio»v«v 




1 1. 1 iiit 


|l imi# 9 ui t mgtM 1 *- not ▼ <-» to r^- c* r* ••• * •« <o r- ♦ • » » (umr^r^ to m f* 

x / i» to u> r* ~<*®ru*r»tocor- + mm* Ntnoi 

Vfrtflimf na««MemiMf)(«*flitip«nea»a»^' Vr«r^«*« 
4 w|i 4 tiMivnS«niAi*«H«iAmMjbiymn«vt 2 (iiumfi/»tn(n(Bett<iemmt««>nAntvm«iNn 


at r»r*»»tfMO«njtO^o»njtovr»f\Mov9»«~u*0>f*»tott*f»ior-9i/»-<’'O~f^<unr*'Mini*t»-«i*«vfv»i« 
ui iAco«i*u*<*>a>mt>- at at * <0 • * r- ~*m<oto<'«tot0A)<o»-*c*9<«<uf"*« * i/t * * m ru en * **•«••>«•*•<•<*) 


*~**ipifMOiAtoiJ'fttJ<*« 0 tat 0 'i< 0 <At 0 < 0 tot 0 iOtO'OtO 4 *ta<atoio<*t 0 i 0 tat 0 t 0 t 0 to*ototototototo<t«oioiot 2 


o m — •***•* 


t in n n » ? nn< 


IAiAI<uru-«~ft u ^lli *g (\) « m r< 


AO r-»r-r»*Nrf*-<uiof^—o»«*ur-rnui^io#t»»f^ftiOfc«*i , »«irt<WA|in*Agi«-m'iooifl*air>»io#g»qMo««^« 

H m m 1*> r* «aux»«*ut/i 9 )*)iAO<\)N -t*np t ♦ t*ir»*r-r-f\ir- <*'O 4 »«t 0 nj<*t/i « w m u» • p- *<*(*(*•• 

i*«M«bf**i 04 A«uiAir» 9 «’'*<j*o~o»v *we«oM»« tomaammn^* Ai(vm«m«oM*ti»oiii 
— to<uio*u»ni*tof s -»f-tor , “f'* * m « * - r- *-.tvn<\»-.<*t>r~u , *r<-*ut*'<\jr»*i 0 »p»tjio< 0 *<e*v#ai 


»«iiu«unoP*r*i ta r-fNf*.fNfwf*.r-rwio t 0 io l otot 

««• 

i i 


wu<ii(uni<vf\t/\:(UAi(UMitio4uwa-t 


« 

9 


^aA»(a«»niA«ioar> k (u«<w«NiP**i0VAJ#«r«rNioioiAY(uo»YAu>#(*t#iA<n«Not«r>i«ioig««* w «^9 V » 
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ORIGINAL PAGE 0 
OF POOR QUALITY 
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«dkv i -««••*••••* i i — ftjru**4«ft»®0O> — «cii-nAi*i»0f*94»f'-f*rw0 

iii i i t i i « i i * i i i » i i i » t«iii i *• i «**•«••*•< m m*§ mm «• 
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Figure 6 (continued) 
Semple Problem Output 
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Figure 6 (continued) 
Sample Problem Output 
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Figure 6 (continued) 
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Figure 6 (continued) 
Sample Problem Output 
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Figure 6 (continued) 
Semple Problem. Output 
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Figure 6 (continued) 
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Figure 6 (concluded) 
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Punched Card Output 




« 

9 


9 

9 

9 


«U 


** 999999999999999999999*9999999 


9999999999999999999 

9999999999999999999 

^ Q ^ ^ ^ ^ ^ ft) ^ 9 ^ ^ ^ ^ ^ ^ ^ 


•• oooooo 


iAoo««*<0OMUti>tte<n<ook(UTr‘»O(n<0tt«4*r»o(uu>M«4**<0o 

^^^^nsaxnincnnnTT^iAininiAUMOun^r^e^f^ooooQO 


ooo 

Su> 




IftlftlftlfttftlftlftlftlftlftftftlfttftlftlftlftlftlftlftlftlfttAlftCftlftlAUItftlO 


it 


99999999999999 


«4*i'-oni0M«*i > e>o»<uu>oo«4r , M0o»(uu>r>of'><0flt'«Y?‘»ef i nfio 

•4«4«4«4(un)ni(ummmTTVTtAu>uMO(ouMor>n-(^oooon 


ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft 

«4*r^omtttt^*r*cftroiftO9^cna>cfta)tftr'»®(n<ft0>«4*‘r»o(’»tAQ 

^^^^cunjajajnr)D^r’T^^iAii>u>^a)a)a>r-r-r*oo(»oo 


ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft 

ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft 

tftlftlftlftlftlftlftlftlftlftlftlftlftlftiftlftlftlftlftlftUUftlftlftlftiniAIAIAIftUXft 

0 n<ocft(UT(^ft>(niDoo^i rc^oniuMB~i*><dotaju)ooon<O0)ajTO 
^^^cucuajaicnnnT^r^r^riftiftiftin^aimr^r^r-r^oooo 


^ ® 9 O 9 ft ft ft ft 9 ft ft ft ft ft ft 9 9 ft 4ft 9 ft ft 9 4ft ft) ft ft ft ft ft ft 

ft) ftftftftftftftftftftftftftftft 
ftftftftftftftftftftftftftft^ftftftft^^^ft^ftftftftftftftft 


omooicuTr-ocxooo^^rt^oaiuico^^toc&nitnooorocoaMu^ro 

e-i^^ajcuaicunr)nTT^r^u)U)U)UMi)(X)ft)r-r-r-M»oo 


9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
09999999999999999999999999999999 
OUHnU>UMAU)U)LAU>iAU)U>U>U)U>l/>i/>lAU)lAU)tAU>|j>LAl/MAlAUMAU> 

Qaju)O9~4n<0o>njiAf w O( v ><00>i**‘('*or')inoo~*^r»c’Mui/>tt*4( v )<0 

*4*4*-«~«(U(U(Uf r ir r )( t )( T )Tv^ru)U)U)U)u><09U)r-r^r'»oocooo 

ill 

E 

H 

H 



N 

c 

ft 

I- 


• 

E 

3 

ft 

H 


E 

3 

ft 

H 


* 

E 

3 

ft 

I- 


E 

3 

ft 

h 


i 

E 

3 

ft 

H 


95 



Figure 7 (continued) 

Punched Card Output 
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Figure 7 (continued) 
Punched Card Output 
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Figure 7 (continued) 
Punched Card Output 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Figure 7 (continued) 
Punched Card Output 
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Figure 7 (concluded) 
Punched Card Output 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Figure 8 

CALCOMP PI ot - Pitch Moments 
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Figure 9 

CALCOMP Plot - Thrust Misalignment 
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Figure 10 

CALCOMP Plot - Mind Velocity 
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Figure 11 

CALCGHP Piet - Mind Direction 
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Figure 12 

O COMP Plot - Yaw Moments 






Figure 13 

CMXOHP Plot - Roll Moment 
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Figure 14 

CALCOMP Flat * Dynamic Pressure and Mach Ntmber 
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Figure IS 

CALCOMP Plot - Control Surface Deflection 
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Figure 16 

CALCOMP Plot - Rates 
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Figure 17 

CALCOMP Plot - Angle of Sideslip 
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Figure 18 

CALCOMP Plot - Angle of Attack 





■APPENDIX A 


FORTRAN PROGRAM LISTING 


A complete FORTRAN source program listing is presented in the following 
pages. It starts with the main routine (STAGEl) and is followed toy the twelve 
(12) subroutines arranged in alphabetical order. There are a total of 755 
cards in STAGS.. The total program including subroutines oontains 1745 cards. 
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SUBROUTINE ACC C ANSWER, XKR, XKT , MKT ) 

THIS SUBROUTINE COMPUTES THE ANGULAR ACCELERATION FROM A 
SLOPE OF A RATZ TRACE (IN DEGREES) GIVEN THE SCALE FACTOR 
XKR IN DEG/SEC PER UNIT LENGTH OF TRACE, AND THE TRACE 
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IF ( ABSCVA >-VLim .GE. 0.) GO TO 300 104 
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SUBROUTINE TBLN ( V, X, T , A. NT, M ) 

THIS SUBROUTINE IS A TABLE LOOKUP FROM ABSCISSA TABLE 'T' 

AND ORDINATE TABLE # A' . 'V' IS ORDINATE AT GIUEN ABSCISSA 'X'. 

'NT' IS LENGTH OF TABLES ' T ' AND ' A ' . 'M' IS LOCATION OF LAST VALUE 

DIMENSION T ( 1 >,A(1 ) 
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